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Overview of innovation and tendencies
in Smart Food

The term “Smart Food” is used to refer to foods which, through the application of technologies,
preserve food safety, improve their nutritional benefits and healthy effect, better adapting to
user needs and preferences.

Manufacturer investments in technology are a key factor

Investments in facilities and technology for process automation are a key competitive factor
in the food and beverage production market. It is expected that the European market for
facilities for the production and packaging of food and beverages will reach 19,900 million
Euros in 2022, driven by considerable demand for machinery in final application segments.

In this regard, in the future robotics, artificial intelligence and management control software
are expected to play an even greater role in all areas from food processing to its packaging.
It is expected that an important number of food processors will digitalise their production
plants over the next few years. This is a large volume industry with small profit margins and the
eruption of new technologies could imply increased efficiency directly related to competitive-
ness. In addition to saving time and money, the Internet of Things (loT) will also put an emphasis
on staff and data safety.

It is also expected that the offers of technically advanced manufacturers will progressively
focus on container sustainability. Without compromising nutrients, innovations strive for
simpler containers and the reduction of plastic waste.

Although the constant investments made by this industry in technological innovations are a key
differentiating factor associated with market growth, growing consumer awareness about sa-
fety, quality and sustainability is also driving food and beverage producers, transformers
and distributors to offer alternative, more effective and newer solutions.

The population is increasingly aware of the type of foods and beverages they consume, their
incidence on food-borne diseases, other syndromes and complaints, and in short, their impact
on health and well-being. Little a little the criterion of “from farm to fork” is gaining impor-
tance and, as a result, the demands for food safety and quality connect all participants in the
food supply value chain: production, processing, packaging, distribution, storage and at-home
preparation.

Globalisation has created safety gaps in the food supply chain

Globalization and the demand for novel and exotic food has increased food safety concerns, es-
pecially in a world with major differences in national regulations. Globalisation has not only increa-
sed import and export activities, but has also created safety concerns for the food supply chain.

The Frost & Sullivan report (2017) “Opportunity in Global Food Safety Diagnostics Market”
indicates, using the FDA as a source, that around 15% of all food consumed in the United
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States is imported and that this has led to an increased level of contamination of mycotoxins
and pesticide residues in the food supply chain. Apart from adulteration, other incidents
may also occur as a result of inadequate follow-up of microbial contamination, inability to trace
products and ingredients because of the complex supply chain, and labelling related errors.

Safety solutions imposed by the agricultural industry

The acquisition of raw materials and food ingredients from various suppliers has become stan-
dard practice and the large distances travelled by some food products increase the risks of sto-
rage and transport. This means that in the agricultural industry safety solutions are related
to the need to manage a changing global social and economic environment as well
as its impact on the demand for safe agricultural production on a world-wide level, but this is
also a question of resource efficiency in agricultural and food production driven by the growing
need to improve efficiency and profitability.

The criteria of food safety, in short, are imposed in line with and in relation to various factors:
food fraud susceptibility; regulatory requirements; the progressive industry culture of quality
and risk management; training of the staff in the value chain; practices for the external eva-
luation of impacts and risks; optimisation of supply chains; social responsibility and, finally,
investment in new technologies.

In this context of growing awareness and training, it is probable that in the ecosystem of food
production and processing safety will be less dependent on archaic manual methods for data
recording and analysis.

Governmental, industrial and academic organisations generate growing volumes of data
related to food safety, including for example outbreaks of food transmission and molecular
epidemiology... all of which is extremely complex and difficult to process with conventional
methods.

Under the umbrella of multiple, diversified, large data banks, the digitalisation of food
safety has become an important driving force behind innovations to prevent, detect, identify
the source, isolate or eliminate various food contaminants and their processing environments
throughout the supply chain.

Increased demand for food safety technologies

Over the last few years there has been an increase in the demand for profitable technologies
enabling follow-up and sharing of information about food production and products. The effi-
ciency of proactive control of expired or ill-treated food products, their traceability and alerts
and corrective actions throughout the value chain has been related, among others, with the
following technologies:

bar codes and RFID

sensors and chips

microarray systems

characterisation techniques (X-rays, Ultra Violet, Infra Red)

advanced diagnostic kits (single domain antibodies, bacteriophages, PCR)
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robotics and automation of supports related to diagnostic kits

software solutions

applications for mobile devices and smartphones for real time follow-up
cloud computing and cloud-based solutions.

software as a service (Saas)

The market for food safety diagnostics is valued at more than 7,000 M $

Frost & Sullivan (2017) in “Opportunity in Global Food Safety Diagnostics Market™ point out
that process automation, software-integrated diagnostics, rapid diagnostics, and advanced
sensor equipment to obtain faster on-site results are future emerging trends in the food sa-
fety diagnostics market which in 2016 generated income to the value of more than 7,000
million dollars world-wide.

Technology adoption in the food safety diagnostics space has been increasing rapidly during
the past few years with for instance, technologies such as biolumingscence, biochips and
hiosensors. Regarding contaminant agents, this marker is segmented into microbial pathogens
(primarily bacteria); viruses; environmental toxins; genetically modified organisms (GMOs);
food allergens and adulterants; residues of drugs and agricultural chemicals.

The next generation technologies include Al, blockchain, PoC, printed electro-
nics, thermosonication and printed biosensors

The report by Frost & Sullivan (2018) “Technologies Enabling Food Safety” considers, howe-
ver, that the emerging technologies with probable impact over the next five years are:

Artificial intelligence (Al)
Blockchain

Point-of-care devices (PoC)
Printed electronics
Thermosonication and UHPS
Synthetic hiology

Outstanding among next generation technologies are Al, blockchain, PoC, printed electronics,
thermosonication and printed biosensors:

e Artificial intelligence is revolutionising the food industry not only in regard to risk and
safety, but also for the supply of raw materials, classification and storage of products,
among others. Successful implementation of Al demands considerable technology
readiness not only within the organization, but also for associated stakeholders.
Furthermore, practical application of the technology, combined with cost, performance
and user acceptance continue to pose challenges in the wider adoption of Al

e Blockchain implementation will strengthen food safety infrastructure considerably
due to its impact on curtailing the problem of food contamination at the root. With
Blockchain, incidents of frauds will be easier to investigate due to the availability of a
database related to the food item’s production and supply chain. Blockchain solutions
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are currently in their infancy and lack of proven use cases acts as a challenge for
blockchain deployments globally.

Point-of-care (PoC) food safety devices can guarantee timely intervention in the
event of contamination during operations to reduce wastage in the retail chain. And
now with growing health awareness amongst general population, consumers can use
these devices for instance to check the safety of restaurant foods, packaged foods,
or marketed foods. Even though PoC devices are already present in the market, future
expectations are for [ab-on chip based hand-held devices and loT-connected devices.

e Printed electronics plays a vital role in developing connected flexible components
such as smart labels used for loT applications. Advancements in printed electronics
are poised to enhance food and beverage consumption safety for consumers through
integration of different types of sensors and indicators.

e Thermosonication and UHPH are two techniques which are used, to varying degrees,
for inactivation of enzymes and microbial growth. Their non-invasive, non-destructive,
rapid and precise nature ensures safety and reliability, affecting longer preservation
times and a reduction in additives after treatment.

o Synthetic Biology is an emerging technology that enables safer and healthier food
as result of the powerful combination of various disciplines such as biology, design,
engineering and information technology. Synthetic biology techniques will be ideal for
designing crops and foods that are resistant to diseases.

Some of the emerging technologies from other industries will have a decisive
influence

It is expected that some of the emerging technologies from other industries will also have a
decisive influence on the future of the global food and beverages sector: biosensors, genomics,
enzyme technology, Big Data, 3D printing and packaging.

The rapid advances in biosensor technologies and their convergence with Big Data
platforms are expected to improve global food safety while at the same time providing
new platforms for more precise food testing. They will also probably affect the food
packaging industry.

Unlike other technologies that will have a visible impact in the short term, genomies has
more probability of a significant impact on global markets in the long term, influencing
the substantial increase of world production of food with modified genetic traits.

It is probable that the advances in enzyme technology will be driven by the greater
use of genetic engineering platforms to improve the processing, extraction, yield and
quality of a wide range of food products and beverages.

o Big Data platforms will have wide impact on various technological platforms for the
use of emerging sequencing tools to improve global food safety in the near future.

It is probable that 3D printing technologies will simplify clean, efficient printing
of home-cooked food as well as gourmet products. The technological convergence
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between Big Data and robotics platforms will also contribute to increased development
of innovations in 3D printing.

The successful deployment of these technologies undoubtedly requires collaboration efforts
hetween the various interest groups of the sector value chain networks of the sector.

Evolving demands will drive advances in packaging technologies

Furthermore, greater emphasis is being placed on sustainable and safe packaging solutions
that extend the shelf life of products. The evolving demands of consumers drive rapid advances
in technologies packaging with the following emerging tendencies:

environment-friendly containers

smart container technologies

nanotechnological containers

use of hybrid materials

use of bio-materials such as bio-plastics

active packaging systems

edible packaging.
“Growth of Growth of functional foods in industrialised societies
functional foods
in industrialised

societies”

For some years there has been scientific evidence of the relationship between food and health,
particularly in regard to cardiovascular diseases, some type of cancer and other degenerative
diseases. In industrialised societies, where a large part of the population have no problem
meeting minimum nutritional needs, there is more and more demand for functional foods with
the sensorial attributes of traditional foods, but which provide health benefits or reduce
the risk of suffering diseases.

In this context it is important to distinguish between functional foods, nutraceutics and medical
foods.

Differences hetween the medical foods, functional foods and nutraceutics

Factor Functional foods Dietary supplements | Medical foods

Foreseen use Improve the general | Provide Satisfy the
health and well- supplementary doses | special nutritional
being, reduce the of desirable nutrients | requirements derived
risk of specific from a disease
diseases or minimise
the effects of other
health problems

Treatment Preventive, with non- | Preventive, for an Therapeutic
specific support identified problem

hubh30. 1
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Administration
mode

Ingested orally as a
solid or liquid food
product

Mainly ingested as
tablets, capsules, or
liquid forms

Ingested orally or
enterically in the
form of powder,
liquid or capsules
and tablets

Classical
examples

Oatmeal, fortified
orange juice

Vitamin and mineral
capsules

Glucerna, Nutrini

The range of functional products available on the market has increased dramatically. There
are multiple possibilities for the production of functional foods; among others, they can be
hased on:

- theincorporation of ingredients -in general of natural origin- with biological activity into
a conventional food

the elimination of unwanted constituents
the modification of certain constituents

increasing the concentration of a naturally present component with beneficial effects
on health.

The market offers, among others, foods with a high content in:
- certain fatty acids or sterols

bioactive peptides

antioxidants

soy proteins

prebiotic carbohydrates

products enriched with minerals or vitamins
products fermented using probiotic bacteria.

The European Regulation on nutritional declarations and the healthy properties
of foods constitutes an important advance in the regulation of the advertising and labelling of
these foods, as it establishes the rules to be followed by the food industry to indicate whether
a food contains certain healthy properties. These regulations are of obligatory application in
each Member State with an important role being played by the European Food Safety Authority
(EFSA). On a state level, the Spanish Agency for Food Safety and Nutrition (AESAN) plays a key
role in assessing the scientific bases sustaining allegations, as well as establishing “nutritional
profiles”.

It is absolutely necessary to advance in personalised nutrition

In addition to continuing research into the molecular mechanisms of the effects of nutrition on
health, the future will entail specific ongoing studies of the interest to health of components
and ingredients of foods and other positive effects on health of the consumption of functional
foods. In this regard advances in the study of the interaction between genetic factors
and nutrition are absolutely necessary.
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The final endpoint of nutritional genomics, nutrigenomics and nutrigenetics is to design a
personalised diet to prevent or treat diseases by studying individual responses to
certain diets as a function of specific variations in the genome.

Consumer tendencies that drive the demand for personalised diets include health and well-
being, weight control, sports and physical condition. Strategic associations with the healthcare
sector and the interaction between various technological innovations ensure support for the
growth of freedom and personalised nutrition markets.

The tendency for “Freedom Food” is on the rise

But consumer driven food tendencies reinforce the search for foods and beverages that are
healthier, organic and personalised and encouraged by the convergence of technologies from
other areas. This context uses the term “freedom foods” to refer to products that are not
only safe, but also green, healthy and ethical.

Safe:
Safe design
Without risk of disease
Avoids chemical derivatives
Use of safer solvents, or solvent-free
Traceable
Healthy:
+ Minimal use of unhealthy food additives
Inclusion of value-added functional ingredients
Dietary food supplements
Portion-controlled serving sizes

Green:
Degradable after product use
Renewable feed stock
Minimal by-products
Energy efficient
Maximum pollutant monitoring during the production process

Ethical:
Vegetarian; Vegan
Kosher
Halal
Grass-fed livestock
Fair Trade.

The Millennials or generation Y demand food without unwanted attributes. The values
of healthy nutrition and other factors such as allergic reactions and religious and cultural
differences increase the demand for more expensive foods, but which consumers are more and
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more willing to pay for. Free foods include products that are aleohol, gluten and lactic-free
and without any genetically modified ingredients (GMOs), as well as fair trade, kosher
and halal products. According to Frost & Sullivan (2018) “Freedom Foods and Personalised
Nutrition: Market Overview; Challenges and Opportunities”, the global market for these foods
was worth more than 4.6 trillion dollars in 2017.

This market still has a number of challenges, particularly in terms of flavour, texture and
shorter shelf life. It is expected that research will continue to overcome these challenges,
which will support the demand and, thus, the market growth.

With various descriptions on what constitutes a healthy diet, there is currently no one-size-fits-
all approach to healthy nutrition, but there seems to be an unstoppable tendency to embrace
tradition, reincorporating practices and ingredients of close proximity.

The report by the Institute for the Future of the Bill and Melinda Gates Foundation (20198)
“Good Food is good business. Opportunities driving the future of affordable nutrition” forecast
that by 2030 the definitions of food safety will not refer to the immediacy, but to long term
concepts, and encourage recognition of the richness of the knowledge in traditional foods
throughout the world.

Large food companies with advanced R&D capabilities are well positioned to help build the
scientific evidence base around traditional diets and how they deliver important micronutrients.
These methods of scientific inquiry can also be applied to discover entirely new foods and
techniques that could impact the health and affordability of food. Embracing traditional food
wisdom will require a different approach to trade secrets and intellectual property.
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Smart Food
Key infographics

2.1. Food & Beverage Market: Consumer Expenditure by Primary Demand Channels and
Region, Global, 2015-2030

Food $17.14 Trillion 2030 $24.62 Trillion
00K e I
Service Food Service “
20.6% 21.6%
Fresh Food
Packaged/ 48.7%
Processed
Food Fresh liood Packaged/
27.9% 51.5% Processed Food
29.7%
Global [T Giobal
Rest of World Rest of World
Asia-Pacific

Asia-Pacific

Western Europe Western Europe

North America

North America

Eastern Europe Eastern Europe

0 10,000 20,000 30,000 0 10,000 20,000 30,000
Expenditure ($ Billion) Expenditure ($ Billion)

uFresh Food — ®Packaged/ Processed Food 1 Food Service

Source: Frost & Sullivan (2016). Digital Transformation in the Global Food & Agriculture Market

2.2. Processed Food & Beverage Market: Freedom Food

Vegetarian
Meat
Alternatives
3.0%
Conventional
Processed Organic
Food & 3.0%
Beverage
86.0% Fair Trade

1.0%

Rainforest
Alliance
2.0%

Other
Freedom
Foods
5.0%

Source: Frost & Sullivan (2018). Agriculture and Nutrition Opportunity Engine Series — Freedom Foods and
Personalised Nutrition: Market Overview, Challenges, and Opportunities.
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2.3. Medical Foods Market: Revenue Forecast, Global, 2013-2018

16.00 4 10.0
14.00
12.00 *
10.00
8.00
6.00

Revenue ($ Billion)

4.00 -
2.00

0.00

== Revenue
<=Growth Rate - 6.3 6.7 7.3 8.0 8.4

Year

Source: Frost & Sullivan (2014). Global Medical Foods Market
2.4. Food Safety Testing Market: Revenue Forecast, Global, 2016- 2026

m Pathogens
8% m Allergens
ﬁ =GMO

u Mycotoxins

m Hygiene/Environment

8% u Others

g

Yeast/Mold Lactic Acid
4% Bacteria
10%

Cronobacter
5%

High-Sensitivity
E. coli/Coliform
16%

Enterobacteriac
eae
7%

S. Aureus
5%

Salmonella
25%

Source: Frost & Sullivan

Source: Frost & Sullivan (2017). Breakthrough Technologies Enabling Food Safety in the Dairy Industry
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2.5. Food & Agriculture: Value Chain
Food & Agriculture Sector

Agricultural Agricultural Intermediate Food Product Food Product Consumer
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Applications
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Production

Livestock il
Production System Pl Animals
_:; Animal Feed | | | Feed & Refuse —
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Animal Pharma {1
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Preferences &
Requirements

Meat Processing

L Crop Production
NI L Crops for Food H~t
Hp  Ferti —H
B Ferizers T 1 | coprosos Income and
Crop Protection Food Ingredient Food Econom)
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Waste or
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Applications

= Key
Logistics & ! Food Packaging
o Food Logistics Software 2 Primary Product Flow
Packaging l ] | [ ——>> Co-product Flow
1 —_— — L
| Food Safety Software Market

Biotechnology |
\ | [ sectoromponents

i
Labor, : : :Foo Safety Products (o.gA.:Tls( Kits)
Utilities /aste Management Solutions
& Safety ! ! ! \

Enabling Industries
and Technologies

!
Production Precision Agriculture Technologies. Food Processing Equipment § ‘ [ austy
T |
|
1

Source: Frost & Sullivan (2016). Digital Transformation in the Global Food & Agriculture Market

2.6. Food & Beverage Industry Challenges

Volatile Market Demands
The F&B industry is marked by
High Standards for extremely volatile and shifting Variegated
Food Safety consumer demands. Regulations

The F&B industry is Food regulations vary from

characterised by stringent region to region, which makes it
standards that manufacturers are extremely difficult for

required to adhere to. manufacturers to keep track of,
at a global level.

Supply Chain
Complexities
Complex processes that need to
be ascertained of proper labelling
and serialisation, ensuring
consistency in taste and quality
of products.

Lack of Supply Chain
Transparency
Food needs to be constantly
tracked and made traceable to
suit the demands of the industry.

High-volume, Transaction- Need for Pf‘?du‘:t
intensive, Perishable Traceability
Products Prodqc_;t record_ management gnd
The F&B industry involves high Slow Product "Fasfgai:('j"ljitareé:fgaﬁ:gi?;‘ngfl:Er:‘:
volume of products that have a Innovation Cycles and Severri“t/)-l of food recalls have
low shelf life and are perishable. Timely creation and movement of aggravated the need to track a

products across the food supply product to its origin.
chain. Aligning products to
dynamic customer demands.

Source: Frost & Sullivan (2018). Food & Beverages 4.0
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2.1. Smart Factory: Equipment Innovations

Software solutions @ Automated equipment
Remote access to .
machines @ Robotics

Flexible
equipment with
easy change-over

Self-monitoring
machines

Future

Technology
Solutions User-friendly HMIs
(Human Machine
Interface)
Toolless
equipment

CIP (Clean-in-place)
equipment

Energy efficient

Self learning equipment @

Inspection equipment to
eliminate contamination

Source: Frost & Sullivan (2018). Global Food and Beverages Processing and Packaging Equipment Market, Forecast to 2022

2.8. Smart Factory: Key Attributes

Tech Themes
=
[T Sonsors a0 |

"~ Cognitive Intelligence

Wireless Additive EI
Sensor Manufacturing
Networks / -
Py i
M2M Industrial ﬁ
Connectivity Robotics )
IP-based
Communication
Predictive
Maintenance
L ]
Connected
Logistics

Source: Frost & Sullivan (2018). Food & Beverages 4.0, 2018

Attributes of smart factory connected'i
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2.9. Digital Transformation: Food & Agriculture

iarariead Rapid Advanced Emerging Food
Big Data PiC Food Safety Safety

foodSately Analytics Patoction Software as a Technological

information Methods Service (SaaS) Innovations

Global Food
Trade/Imported
Foods

Demand for
Novel/Exotic
Foods

Need for Less-
Processed Foods

Voluminous Data
on Outbreaks &
Epidemiology

Multiple Big Data
Banks

Diverse Big Data
at End Market &
Consumer Levels

Biosensors

DNA-Based
Assays

Expansion of
Software
Features

Interface with
Tracking &
Traceability

Cloud-Based
Technologies

Source: Frost & Sullivan (2016). Digital Transformation in the Global Food & Agriculture Market

2.10. Smart Factory: Digital Transformation of Safety

Regulatory Trends

Monetization of food T '~
- safety digital information
will enhance predictive and
control analytics.

1! I 1
1! I
1! Iy
[ sensors, i rs, wi v Robots and artificial !y
enhance performance measurement precision Distribution intelligence lower .
and timely reporting. _ . dependency on labor / ’

and minimize safety
hazards to people.

-

Food
transportation
technologies will
maintain cleanliness
and “cold chain”
assurance.

@le[ﬂ

=Y T .
GI’OC“I ¥ N Vi
A . -
Retail and food service 200 Service : ’ i
food safety technologies enable Food il .
Code guideline compliance. <

Source: Frost & Sullivan (2016). Digital Transformation in the Global Food & Agriculture Market
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Cnn:umer Trends| *

Interventional
Technologies

Electronic
Traceability

Automation &

Robotics

Internet of Things (loT)
will enable direct and
rapid reporting of test

information.

Advances in predictive
and control analytics
will enable faster, more

accurate, and more
precise decision making.

The burden of food
safety breaches is
significant; the
need for food
security solutions
is only expected to
increase. Demand
will increase for
enabling
technologies that
address this
challenge in the
most cost-effective
way possible.
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2.11. Smart Factory: Safety Solutions

Intelligent
A Traceability
Micro/ Solutions
Nanotechnology
and Advanced
Ma;i’(':?(lasg(iﬁ;“a” Internet of Clean
h b (Smart Safety .
Biosensors, i i On-site
Barcodes, etc.) DSaotI:txar?asM?ég Environmental Innovation Hubs:
= Safety ' Monitoring Companies, Institutes,
management, Research Centers,
Py . etc.) e In_lt_eg;'_ated Foundations, Ventures,
esting Legal and Regulatory
Engineering Services Bodies, Government
(Thermal/Non
-thermal
Processing,
Pulsed-Light,

etc.)

TECHNOLOGY SYNERGY SMART SOLUTIONS FOOD SAFETY ECOSYSTEM

Source: Frost & Sullivan (2017). Breakthrough Technologies Enabling Food Safety in the Dairy Industry

2.12. Food & Beverage Industry: Mapping of Trends, Technologies and Applications

Technologies Applications

oy Processing
Nutritional Enzyme Technology
Supplements

Gene Editing
Food Fortification E Testing
2 Biosensors
°
Freedom Foods £ .
2 New Packaging Methods
'a;a' Packaging
Protein Snacks = Big Data Analytics
Nutrigenomics D iing Production

Source: Frost & Sullivan (2016). Technologies Impacting the Future of Food and Beverage Sector (TechVision)
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2.13.1loT in Food & Beverages Industry: Technological Hotspots

High
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Computing
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Source: Frost & Sullivan (2018). Food & Beverages 4.0
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2.14. Food Safety in Dairy Industry: Intelligent Solutions, Global, 2017-2027
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Source: Frost & Sullivan (2017). Breakthrough Technologies Enabling Food Safety in the Dairy Industry.
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2.15. Food & Beverage Manufacturing: Big Data Analytics

Smart data that can be read by handheld devices
can be embedded on packages. This allows
customers to gain additional information about
the products and also allows for easier detection
of counterfeits.

Food Safety

Big Data analytics will have a
prominent role to play in
maximising food safety and
minimising food recalls.
Defective products that have
crossed the expiry period can
be easily traced back, thereby
improving food safety and
quality throughout the supply

Complexities

Data analytics allows for the

chain. ;‘é«{l‘“ smart usage of data for a
Big Data demand-driven, complex and
Analytics rapidly changing food chain.

Data analytics can be
effectively used to predict
future demand and manage
stock accordingly.

Regulations

Analytical platforms that can help
manage diverse regulations and
standards that F&B companies
are required to adhere to.

Traceability

Advanced analytical capabilities
allow companies to track and
trace manufactured goods
throughout the supply chain
across geographies.

. 4

Source: Frost & Sullivan (2018). Food & Beverages 4.0

2.16. Food & Beverage Supply Chain: lloT Key Areas

([ ([ ) [ J [ [ )
Raw Material Demand Food Product Production &
Procurement Prediction Safety Design Storage
Analytics-driven crop Automatic Real-time Ensuring the right Sensor technologies
and livestock cultivation  proquct order temperature mix of product to constantly monitor

that provide optimum
conditions aimed at
supplying top-quality
raw materials to the
F&B industry

()
Intelligent
Packaging

Creation of cost-effective
and attractive packaging.

picking solutions
connected with
the consumer
side.

([ ]
Cold Chain
Management &
Spoilage
Control

tracking sensors
to effectively
track and ensure
food safety at all
times.

([
Surveillance
Constant access
and visibility on
all points helps

concentration, taking
into account varied
regulations across
different market
geographies.

Logistics &
Supply Chain

lloT empowers
features such as

key production and
storage conditions to
ensure quality and
reduce the outbreak
of food illness.

Tracking &
Traceability

Data generated from
loT sensors can help

Simulation of packs Real-time tracking of i effective GPS tracking food operators track
pased qn digital twm§ and food freshness and management of and fleet food chains from
integration of customised oo gicting spoilage of  the supply management. point of origin to the
nutrAmon table on the label perishable food. chain. shelf.
design.
o [ J [ J [}

Waste Lifecycle Intelligent Product Recall

Management Monitoring Shelf Systems Management
Real-time monitoring of food Real-time Automatic detection Cloud-based software and
storage related factors can help monitoring of on- and notification of smart tracking solutions
pinpoint issues, eliminating costly  shelf items is missing or misplaced  enable easier recall of

rejections and unwanted wastage. easier with lloT. shelf items in the store. products with issues.

Source: Frost & Sullivan (2018). Food & Beverages 4.0
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2.11. Food & Beverage: Processing and Packaging within the Value Chain

Farming Equipment Food Processing and Handling Logistics

Input Production Storage Processing Service Packaging Distribution
Equipment Machinery Equipment Equipment Equipment Equipment Equipment

LS

W

<
"y,

W

s > <&
W G M W’

V{2
o’

3

pmmm—————=—== ~, o
Seed Collecting Conveying I'/Varies for differen}\I Served in |’ « Filling ‘: Warehousing
collection, Separating Lifting :end-use 1 restaurants; b Cartoning ; Loading
preparation, Sorting and Packing 1 applications: : Heating, 1+ Boxing 1 Trucking
and packing Sifting Chilling/Freezing} - Sorting | cooling, and |+ Wrapping H
Filtering 1 - Cleaning | finishing | - Palletizing '
Soil Cleaning HE Cutting ! HIC Case !
preparation, Milling 1+ Mixing 1 1 Packing
planting, Grinding i - Molding i i H
livestock Soaking | - Sheeting H H !
feeding, and i+ Drying | H !
cleaning 1+ Separating ! H !
I Pasteurizing 1 ' i
i + Homogenizing | i H
'\\; Cooling ‘,,‘ '.\ _,,'

Source: Frost & Sullivan (2018). Global Food and Beverages Processing and Packaging Equipment Market, Forecast to 2022

2.18. Stakeholders in Food Safety Value Chain

Local/Regional Government Management

Support to plan and execute a governance system to address
present food safety concerns

Use intelligfnce to make better tactical decisions

Infrastructure Service Providers and Operators
Interface and often operate the intelligent infrastructure of the
industry organization or group of dairy organizations
Create and deliver advanced services to direct
stakeholders

Local/Regional Government

Service Delivery

- Develop and administer advanced
targeted services that help dairy
companies to reach best-in-class

Systems Integrators
Construct the digital infrastructure of
the smart food safety environment

Provide the logical and information standards
framework that enables intelligence - Use intelligence and insights to create
Stakeholder plans and support decisions

Activities
Technology and Application
Providers
- Responsible for creating the elements
of the digital foundation of a smart
safety environment
Enables the generation of intelligence
that makes dairy products and dairy
industry services a smart solution

Local/Regional Infrastructure and

Services

- Deliver fundamental services that
operate in coordination across the
entire value chain
Use intelligence and insights to build
and operate smart dairy processing

<—--

L infrastructure
Companies and Dairy Organizations Consumers
Location in an environment that supports and promotes food « Live in a safe community with safety access to dairy food products, gaining
safety through enhanced services confidence and improving quality of life through safe nutrition.

Supports world-class food safety services with reliable and
effective infrastructures

Source: Frost & Sullivan (2017). Breakthrough Technologies Enabling Food Safety in the Dairy Industry.
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3

Patent analysis

We refer to Smart Food to describe foods that improve their nutritional contribution and heal-
thy effect, preserve food safety and better adapt to consumer preferences and needs through
the application of technologies.

The patent analysis for this concept or area was dominated by the inclusion of the following
areas of knowledge: Functional Foods; Genetic engineering for foods; Artificial in-
telligence in the food industry and, finally, Food packaging.

3.1. Evolution of patents applied for and granted

The analysis of patents applied for and granted enables us to understand the growth ten-
dency in the area of Smart food over the last two decades. At the same time it shows that the
proportion of applications filed that were finally granted was 49.5%.

;;;;;;;;

Source: PatBase. March 2019 Query

3.2. Technological sector of the patents applied for

Over the last 20 years, the technologies more involved in the patents applied for in the field
of smart food belong to the following fields: chemistry; mechanical engineering; instruments;
electrical engineering and, finally, “other fields”.

Source: PatBase. March 2019 Query
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3.3. Territorial location of patents: Europe is in first place among the continent where most
patents are applied for

Europe is the continent where most smart food patents are applied for. Within the European
Union, as shown on the map, the countries with most patent applications are, in descending
order, Germany, Spain, Austria, France and England.

N O Applications (D) Grants
100 Tk 10k 100k

Source: PatBase. March 2019 Query

3.4. Most active patent applicants over the last 20 years

The graph below shows the eight most active organisations in patent applications over the last
20 years, as well as which time periods these applications were concentrated in. Outstanding,
among others, are Nestee SA; Christian Hansen A/S; Dupont Nutrition Bioscience and Ecolab.

3600
3450
3300

, /
S )

2000 2002 2003 2008 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

— NestecSA  — Gearbox LLC Kvasenkov Oleg lvanovich  — Danisco US Inc. — Benemilk Ltd.  — Dupont Nutrition Biosciences APS RED X Holdings LLC  — Royal DSM NV

Source: PatBase. March 2019 Query
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3.5. Who applies for most patents, the most active applicants

The fifteen most active bodies (companies, institutions or people) filing patent applications,
including the number of applications for each one are shown below.

Ecolab USA Inc.: 2329
\
|

Mitsubishi Kagaku Foods Corp.: 2484

US Agriculture: 2640 Nestec SA: 16223
Archer Daniels Midland Co.: 2640 —

RED X Holdings LLC: 2717

Royal DSM NV: 2795

Rhone Poulenc Inc.: 3416

Gearbox LLC: 6831
Unilever NV: 4037 —

Benemilk Ltd.: 4347
Kvasenkov Oleg lvanovich: 6754

/
Dupont Nutrition Biosciences APS: 4347

_ US Inc.- 4968 7 Scarista Ltd.: 6210

Source: PatBase. March 2019 Query

3.6. Keywords attributed to patents in this field

The main keywords associated with patent applications in the field of study are: processing
method; composition, assorted ingredients; heat, and condition of the ingredient.

Source: PatBase. March 2019 Query
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3.1. METHODOLOGICAL APPENDIX

The information provided in the “Patent analysis™ section refers to the study performed on a
sample of 281,299 patent applications in the area of Smart Food related to functional
foods; food packaging; chemical and genetic engineering in foods, and Artificial inte-
Iligence in the food industry.

The study was focused on global patent activity over the last 20 years, with emphasis on Eu-
rope.

113.094 51308  281.299 357.135

Patent family Family of patents Applications Publications
granted
Total number of families in Total number of families with Applications with this Publications within this
this set of results publications granted with this result result
set of results

Source: PatBase. March 2019 Query

The criterion used for the query of this report was the maximum scope in the field in order
not to impose any limit and include all results relative to the field. Among the words alluding to
Smart Food, the most active fields are “functional foods” and “food processing”.

On the other hand, the field with least activity during the last two decades was “artificial
intelligence in the food industry”. It was interpreted that this occurred for three reasons: 1)
Because artificial intelligence applied to food science and nutrition is not as active as in the
case of telecommunications, transports, life sciences or safety (report WIPO |A 2019). 2) Be-
cause in spite of the evidence of tendency changes in this area, significant results can only
be obtained by centring the analysis only in these areas and more recent years. 3) Because in
Europe computer programmes (algorithms) in themselves are excluded from patentability with
the exception of inventions with applications of algorithms to technical problems.

Patent documents are classified in different international classification systems; the
most often used being the International Patent Classification (IPG). Pursuant to this nomen-
clature, obtaining the sample for this report considered the inclusion of the following indexes:

A231.3/00: Preservation of foods or foodstuffs, in general, e.g. pasteurising, sterilising,
specially adapted for foods or foodstuffs (preserving foods or foodstuffs in association
with packaging.

GOTN 33/02: Investigating or analysing materials by food.

A231.5/00: Preparation or treatment of foods or foodstuffs, in general; Food or foodstu-
ffs obtained thereby; Materials therefor (preservation thereof in general

A23L19/00: Products from fruits or vegetables; Preparation or treatment thereof.
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B65D81/34: Containers for packaging foodstuffs intended to be cooked or heated wi-
thin the package

A231.33/00: Modifying nutritive qualities of foods; Dietetic products; Preparation or
treatment thereof.

B65D71/00: Packages formed by enclosing articles or materials in preformed contai-
ners, e.g. hoxes, cartons, sacks or bags

A23B: Soil working in agriculture or forestry; parts, details, or accessories of agricul-
tural machines or implements, in general

A23C: Dairy products, e.g. milk, butter, cheese; milk or cheese substitutes; making
thereof.

A23J: Protein compositions for foodstuffs; working-up proteins for foodstuffs; phos-
phatide compositions for foodstuffs.

A23L: Foods, foodstuffs, or non-alcoholic beverages, not covered by subclasses a21d
or a23b-a23j; their preparation or treatment, e.g. cooking, modification of nutritive
qualities, physical treatment; preservation of foods or foodstuffs, in general

AOTH: New plants or processes for obtaining them; plant reproduction by tissue culture
techniques

AO1J: Manufacture of dairy products (preservation, pasteurisation, sterilisation of milk
products a23; for chemical matters, see subclass a23c)

A23V2002/00: Food compositions, function of food ingredients or processes for food
or foodstuffs

B65D81/00: Containers, packaging elements, or packages, for contents presenting
particular transport or storage problems, or adapted to be used for non-packaging pur-
poses after removal of contents

A23P10/00: Shaping or working of foodstuffs characterised by the products

A23P20/00: Coating of foodstuffs; Coatings therefor; Making laminated, multi-laye-
red, stuffed or hollow foodstuffs

A23P30/00: Shaping or working of foodstuffs characterised by the process or appara-
tus (A23P10/00, A23P20/00 take precedence)

GOG6F3/00: Input arrangements for transferring data to be processed into a form capa-
ble of being handled by the computer; Output arrangements for transferring data from
processing unit to output unit, e.g. interface arrangements.

GOBN5/00: Computer systems using knowledge-based models

GO6F16/00: Information retrieval; Database structures therefor; File system structu-
res therefor.
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