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Abstract

This study aimed to understand disruptive thinking and how its ideas can
change the food industry. This was achieved by identifying, studying, and
understanding the impacts, current trends, and different disruptive ideas and
innovations emerging in the food industry. The study was conducted through
interpretive research philosophy by carrying out secondary data collection
processes, where both qualitative and quantitative information was presented.
Deductive approaches were also selected to apply existing theories and mod-
els, which were used to construct research hypotheses and present detailed
findings. The study finds that, with disruptive thinking, enhancements in the
product life cycle, new flavors, and improvements in food packaging have
been possible. The supply chain, which is always considered a complex part of
the food industry, has been streamlined, offering greater transparency and
real-time tracking and improving quality control across distribution systems.

Keywords

Disruptive Thinking, Food Industry, Supply Chain, Lab-Grown Meat,
Biotechnology

1. Introduction

According to Bongomin et al. [1], technology has the potential to help firms and
organizations stay safe from the competition in the industry or sector. Disrup-
tive innovations are considered highly revolutionary and discontinuous, capable
of displacing existing technology and forcing the entire industry to adapt to new
changes [1]. Disruptive thinking or Innovation creates new industrial sectors

and markets with enhanced opportunities for early adopters. Industrial leaders

*An exploration of how innovative and unconventional ideas are reshaping the food industry.
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often follow obsolete technologies based on suitability and needs, falling behind
the competition [2]. Organizations that produce disruptive innovations build
new opportunities and develop as industry leaders, involving Innovation in
business models, products, and services to offer new solutions and alternatives to
customers and stakeholders [1].

Disruptive thinking can change social practices significantly, influencing liv-
ing standards, work practices, and interactions between customers and brands.
The current pace of disruptive thinking and its application in the food industry
is expected to accelerate, driven by millennials’ fascination with food. As millen-
nials graduate college and enter the job market, they will become the driving
force of the economy, with higher incomes and spending habits driving up de-
mand for the food and beverages industry. Organizations must develop new so-
lutions and ways of producing, packaging, and marketing food products to meet
millennials’ demands and expectations [3]. While disruptive thinking and Inno-
vation are still in their early stages, few players have adopted new solutions or
disruptive ideas [4], presenting significant scope and development opportunities
for existing players to reshape the food industry landscape [5].

Deloitte [5] highlights that the next decade in the food industry will witness
significant changes due to disruptive Innovation. Entrepreneurs and technology
are expected to be the major game changers, with rising environmental aware-
ness, the need for nutritious ingredients, and product transparency driving
changes in business operations [6]. Start-ups with new business models are likely
to become the driving force in shaping the future of the food industry [7].
Prominent disruptive ideas already taking shape include artificial proteins, 3D
food printing, food robotics, the internet of things applications, personalized
nutrition, food waste, and food safety [8].

The study’s primary aim is to understand disruptive thinking and ideas that
shape the food industry. The research objectives are:

- To identify different disruptive ideas emerging in the food industry;

- To study the current trends of disruptive Innovation in the food industry;

- To understand the impact of disruptive thinking in the food industry.

The study will primarily utilize secondary data collection procedures, incor-
porating various journal articles and insights from industry experts, writers, and
leadership team members of major players in the food industry. This research
will have significant theoretical implications, shaping the view of organizations
operating in the food industry regarding disruptive thinking and the creation of

new solutions.

2. Literature Review

2.1. The Concept of Disruptive Innovation

Disruptive Innovation can be described as a technological implementation that
significantly affects the process through which an industry maintains its business
functions [9]. The Internet is one of the most compelling examples of disruptive

Innovation in the modern Internet. The use of the Internet has altered the
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process through which organizations run their businesses. However, the impact
of the Internet was positive and negative on organizations, and the adverse ef-
fects were initially unwilling to adapt to the business process of that time [10].
Disruptive innovations are taken into account as they help take over a market
share and are also effective for delivering opportunities related to growth for or-
ganizations that have adapted to such innovations, which further leads to bring-
ing in new trends [4]. It can, therefore, facilitate both consumers and the current
market competition by providing the respective organizations with cheaper and
better products, which are comparatively more accessible than those of their
market rivals.

Henceforth, it has been understood that disruptive Innovation can be consi-
dered as a process instead of a product or service. For instance, the time of
launching innovative products helped the respective organization to draw the
attention of customers to a greater extent [11]. Because of this, the organization
may have been able to increase the rate of sales volume and the level of financial
turnover [11]. The respective organization may have improved and developed its
overall business operations through Innovation with this assistance. Disruptive
Innovation can be categorized into two different parts, which have been identi-
fied as follows:

o New-market Disruption: This type of disruption indicates the organizational
process of innovations leading the respective organizations to compete in the
lowest margin against non-consumption throughout the industry [12].

» Low-end Disruption: This type of disruption refers to those organizations that
serve their customers by coming to the bottom of their operating markets [3].

According to the Harvard Business Review, it has been determined that dis-
ruptive innovation theory illustrates a process through which a small-scale or-
ganization with a lower base of resources may have become able to impose
large-scale challenges towards primarily established businesses [6]. Such a dis-
ruption can be termed as incumbent, which can be witnessed by coming from
the bottom position of the operating market and continuing to move upwards.
The entire process commonly takes place through a range of stages, which have
been identified as well:

« Incumbent businesses are highly efficient in innovating and developing their
products and services so that they can appeal to their profitable customers and
highest demanding products [13].

o New entrants may have targeted such market segments that are ignored and
also derived tractions by fulfilling their needs at a lower cost level than that of-
fered by incumbents [2].

« Incumbent businesses are not responsive to new entrants in their operating
markets. Instead, it can be seen that they continue to emphasize their stress on
profitable segments to a higher degree [14].

New entrants may eventually move upwards in their operating markets by of-
fering the best possible solutions, which appeal more to mainstream customers

of incumbent businesses [15].
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o After new entrants have begun attracting the mainstream base of customers
of incumbent businesses, it can be seen that disruptions may have taken place in

those new entrants [16]. (Figure 1)

Improved Productivity |

\/4 Disruptive Innovation Business Development l
-

Disruptive Innovation I

‘ Seeking Changes

| Intensity to Grow

Figure 1. Conceptual framework (source: developed by the author). Note: Concep-
tual framework theory of disruptive innovation.

2.2. Positive Drivers

Agility can be determined to be more necessary than it has ever been. Food
manufacturers may have been looking forward to modernizing their processes
with effective Research and Development (R&D) activities [17]. This helped the
respective manufacturers maintain the effectiveness of supply chain manage-
ment, making them more responsive to fast-evolving market trends. Technolo-
gical interventions may have imposed large-scale positive impacts on the respec-
tive companies and helped them step up to critical market challenges [6]. The
following possible solutions can enrich challenges they may have experienced:

-Product lifecycle management: These solutions may have helped organiza-
tions participate in the market race with new products, flavors, and pathways for
food packaging [18].

-Cloud-based solutions: These solutions provide organizations with fast dep-
loyment, making it easier to open new divisions and branches [19].

-Connected supply chain networks: These solutions may have helped respec-
tive organizations ensure on-time delivery of ingredients, managing their tra-
ceability [20].

* Quality control: This is crucial for organizations in maintaining taste con-
sistency, freshness, and visual appeal.

When baby boomers read labels for information regarding fat grams and cal-
ories, millennials may have been interested in where food ingredients were
grown [21]. Additionally, they may have been concerned about reducing the
carbon footprint and ensuring the humane treatment of livestock [22]. Sustaina-
bility has been a top priority, with millennials well-informed about environ-
mental issues and willing to support sustainable practices [18]. Excessive pack-
aging, non-recyclable packages, and plastic containers are considered the most
significant turn-offs regarding sustainability and creating low carbon footprints.
Healthy food options blended with exotic tastes are considered a top priority,
with unusual snacks gaining popularity [18]. For example, Coolhaus, an ice
cream producer, plans to target the market by offering 13 vegan ice creams from
brown rice, cocoa butter, and peas.

A global increase in demand for protein has been observed, leading to higher
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prices for meat and other protein sources [10]. Lab-grown meats have emerged
as a promising alternative when nearly seven tons of water produce up to 450
gms of beef, offering sustainable and ethical protein options [10]. In 2013, it was
not considered to be affordable which affected the rate of prices for manufac-
turing protein around 140 gms of the total artificial meat to had further dropped
to 959 Euro from 274.366 Euro at the end of 2017 [15]. Consumers progressively
select food options according to their needs and preferences, encouraging or-
ganizations to develop cultured protein-based food options [15]. Additionally,
organizations have been specializing in insect-based food, algae, and other subs-
titute products, opening new market opportunities [9]. For example, Impossible
Foods has created the Impossible Burger, mimicking the texture and taste of real
meat [23].

3D food printing organizations have been using various types of liquid or
powdered food materials to add extra nutritional value to customers’ plates and
generate additional income [20]. 3D food printers allow for precise, reproduci-
ble, customized nutrition tailored to individual needs [20]. Bio-printers, a spe-
cialized form of 3D food printers, have the potential to print living cells, offering
fresh food options and potentially addressing hunger worldwide [6]. Natural
Machines uses open capsules loaded with foodstuffs chosen by users to create

savory and sweet cuisine [17].

2.3. Resisting Forces

Currently, consumers prefer in-home food delivery over dining out in restau-
rants, fueled by the proliferation of reality TV shows featuring cooking chal-
lenges and chefs [4]. Millennials, envisioning themselves as chefs, prefer prepar-
ing meals in their kitchens rather than in large-scale industrial plants for food
processing [19]. This has increased the popularity of meal kits and ready-to-
make meal options [21]. For example, Grainful produces whole frozen entrées
featuring quinoa, whole oats, sorghum, proteins, sauces, and vegetables, claim-
ing to be prepared by real chefs in real kitchens [14]. Similarly, Frozen Foodies
partners with renowned Chicago chefs to bring restaurant-quality meals into
homes, preserving texture and taste through cryogenic freezing [3].

Traditionally, most innovations in the food industry were driven by estab-
lished players. However, new entrants are now the primary drivers of disruption
within the industry [11]. Start-ups are influential in producing probiotics, ice
cream, energy bars, and drinks infused with enzymes and vitamins [11]. For
example, Halo Top, an ice cream brand marketed as “better for you,” gained
popularity for offering guilt-free indulgences [22]. These innovations often come
from small-scale or regional brands leveraging technological implementations
[13]. Large organizations often acquire these start-ups to expedite Innovation
across specific product lines [13]. For instance, Coca-Cola acquired Honest Tea,
Hormel acquired Applegate Farms, and PepsiCo partnered with small farmers in
Ethiopia [13].
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2.4. Positive and Negative Impacts

As defined by Himaildinen and Inkinen, disruptive thinking focuses on innova-
tive strategies aimed at enhancing business operations, ultimately leading to im-
proved profitability [24]. Often characterized by “out-of-the-box” thinking, un-
conventional ideas leverage information technology to streamline data collection
and processing for future enhancements [25]. Implementing disruptive innova-
tions attracts customers and enables policymakers and business owners to ex-
plore new possibilities [3]. Technological adaptation, as emphasized by Savastano,
Amendola, and D’Ascenzo, has revolutionized the business landscape, fostering
manufacturing improvements that reduce pollution, enhance product quality,
and lower operational costs [4] [26]. Additionally, cost-cutting measures through
digital processes for marketing, manufacturing, and supply chain management
contribute to profitability and quality enhancement [27]. The utilization of ad-
vanced information technologies, such as Manufacturing Value Modelling Me-
thodology (MVMM), as highlighted by Demartini et a/, further enhances man-
ufacturing efficiency and reduces processing costs [6].

Adopting disruptive innovations, primarily driven by information technology
and artificial intelligence, can have adverse consequences despite its potential
benefits. Environmental concerns and food recycling efforts, while aimed at cost
reduction, may compromise food quality [28] [29]. Furthermore, the prolifera-
tion of self-sufficient technologies could lead to employee displacement, posing
significant challenges in the future [30]. Failure to prioritize practical analysis
and implementing innovative ideas may result in adverse business outcomes
[31]. Moreover, advancements in supply chain management and manufacturing
processes may inadvertently contribute to monopolistic practices due to the
prohibitive costs and time associated with technology adoption [32]. Conse-
quently, management, quality, cost, and employee-related issues may emerge as

significant challenges in adopting innovative ideas [6].

3. Research Methodology

A comprehensive literature review using peer-reviewed publications including
scholarly articles, industry reports, and case studies from sources like Harvard
Business Review, Deloitte, and scientific journals was conducted. The search
keywords include disruptive thinking, food industry, supply chain, lab-grown
meat, and biotechnology providing the needed information for this research.
This approach aided in the comprehensive investigation and evaluation of the
subject matter from scholarly publications, research papers, reports, and other
pertinent sources from the search.

The methodology included a thorough review and analysis of the identified li-
terature, extraction of key findings, themes, and concepts, and synthesis of the
data to develop a comprehensive understanding of the topic. Various aspects
were examined, including market trends, consumer behavior, the positive and

negative impacts of disruptive thinking, statistical data from the World Bank
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and industry reports, and qualitative interviews and surveys with industry ex-
perts and food tech start-ups.

The research employed interpretivism as the research philosophy, focusing on
small sample sizes and facilitating in-depth studies through qualitative and
quantitative methods. Interpretivism was selected for its relevance and appro-
priateness, allowing researchers to gain meaningful insights and a diverse ap-
proach to understanding the influence of disruptive innovation in the food in-
dustry. It also employed a deductive approach to ensure that existing theories

and models were followed.

3.1. Research Design

Research design is a crucial aspect of the research methodology, significantly
impacting the comprehensiveness of the study and its findings [33]. Defining the
study’s structure influences the findings’ overall construct. Generally, three types
of methods are utilized: exploratory, explanatory, and descriptive. This study
focuses on exploring various disruptive thinking ideas and technologies emerg-
ing in the food industry [34]. It is evident that millennials are driving Innovation
in the food industry due to their specific expectations and demands. Conse-
quently, various disruptive ideas have emerged, but they are still in their nascent
stage. Many players in the food industry adhere to obsolete technologies, align-
ing with their business models.

Given the nature of the topic, an exploratory research design was selected to
explore various factors, disruptive thinking ideas, and their impact on the food
industry [35]. This design allows for exploring abundant sources and facilitates
qualitative and quantitative analysis, which is beneficial for comprehensively

understanding the topic at hand.

3.2. Data Collection and Analysis Method

Disruptive Innovation and thinking are prevalent topics in today’s business en-
vironment, characterized by uncertainty, volatility, and complexity [36]. Focus-
ing specifically on the food industry and highlighting various unique ideas with
the potential to disrupt the entire sector necessitates abundant sources of infor-
mation to provide an insightful view of the industry and the impact of disruptive
Innovation. Therefore, a secondary data collection method has been chosen, uti-
lizing books, journals, articles, online materials, and various other sources to
conduct a detailed study of the food industry and disruptive innovation [36].
Effective data analysis techniques are crucial for accurately interpreting and
presenting the collected information [37]. The researcher has ensured that all
data and information related to the food industry and the impact of disruptive
Innovation are comprehensively presented to enhance understanding. Both qua-
litative and quantitative analyses have been conducted to provide a broader
perspective on the topic [37]. Despite secondary data collection, the study in-
corporates qualitative and quantitative information to illustrate how disruptive
thinking is reshaping the industry landscape [37]. Major players in the industry
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have already experienced significant changes due to evolving customer expecta-
tions, increasing awareness of environmental impacts, and rising demands.
Therefore, Innovation and disruptive thinking are expected to drive further
changes in the industry. The data analysis will be conducted efficiently to

present critical qualitative and quantitative insights.

3.3. Sampling Technique

The sampling technique is considered highly important in this study as it in-
volves selecting participants to get involved in the research process. This allows
the researcher to collect information from industry experts, managers, or even
customers at times [38]. Various sampling techniques and methods are available
for selecting appropriate and relevant sampling populations, including probabil-
ity and non-probability sampling techniques. Probability sampling techniques
require methods where each individual in a group has an equal chance of getting
selected. In contrast, in the non-probability sampling technique, the selection
process requires bias towards certain groups or individuals [38]. In this study,

the focus has been to collect information only through secondary sources.

4. Results and Findings

According to Deloitte [5], the food industry is the biggest industry on planet
earth, as it comprises consistent and loyal customers of nearly 7 billion. Accord-
ing to the World Bank [39], food and agriculture comprise nearly of about 10%
of the global GDP which means that food and agriculture was valued close to $8
trillion globally in the year 2019, where the global GDP estimates stood at $ 88
trillion. According to the statistics and reports, it has been analysed that the daily
consumer spending on food and non-alcoholic beverages in the UK has in-
creased consistently in the past 3 to 4 years. The value of consumer spending for
food and non-alcoholic beverages stands at 26.7 billion British pounds in the
year 2019, a slight increase from 26.3 billion in the previous year [40]. These
numbers clearly highlight the huge size of the food industry.

However, it is important to note that despite the huge size of customer base
and high consumer spending on food and beverages, the entire industry has
been facing tremendous challenges ranging from production, meeting demands,
managing regulation as well as changing consumer choices. Although, consumer
demands and preferences keep changing every year, however, there has been an
increased focus on sustainability, health and freshness that has put considerable
pressure on the food industry to move towards disruptive thinking and innova-
tion to sustain itself [40]. In the current section, focus has been laid on discuss-
ing key drivers of disruptive thinking, what changes have been observed in the
food industry, a conceptual model for disruptive thinking and technology de-

velopment in the food industry.

4.1. Food Ecosystem

In the past, the food ecosystem operated with distinct and independent players,
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following a linear process from farmers to consumers. However, recent years
have witnessed a dramatic increase in technology’s involvement, transforming
this linear process into a dynamic landscape. The food system’s major compo-
nents—producers, processors, wholesalers, restaurants, grocers, and consum-
ers—have become interconnected and interdependent. New technologies and
platforms have facilitated better connectivity between food businesses and con-
sumers, creating a diverse food ecosystem within the linear process. Online-only
players now offer convenient food at lower prices, blurring the differences be-
tween traditional players as grocers offer prepared meals to consumers. These
trends and evolving consumer preferences have increased the value and inter-
connectedness of the current food ecosystem [41].

Every player in the food ecosystem plays a crucial role, and their relationships
and interactions contribute to consumer satisfaction and sustenance. With bil-
lions of people needing to eat multiple times a day, there is a significant oppor-
tunity for disruptive thinking to transform the food ecosystem, from novel in-
gredients to improved diet and advancements in food distribution, preservation,

and access [41]. (Figure 2; Figure 3)

fimy

Grocer
Producer Processor Wholesaler Restaurant Consumer

Figure 2. Interconnected food ecosystem (source: Deloitte, 2021). Note. The fig-
ure illustrates the past state of play in the food ecosystem.

Producer

Wholesaler Processor

Restaurant Deliverer Grocer

2

Consumer

Figure 3. New food ecosystem (source: Deloitte, 2021).
Note. The figure illustrates the current state of play in the
food ecosystem. While each player may face challenges and
uncertainty in adapting to changes in the food industry
landscape, new growth opportunities are emerging.
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According to Deloitte [5], food is an integral part of everyday life, with ap-
proximately 7.7 billion people consuming nearly 14.7 million tons daily. The
food industry is enormous and evolving, with food being produced on farms and
often reaching consumers’ plates through various intermediaries, including

manufacturers, grocers, and restaurants.

4.2. How Disruptive Thinking Is Changing the Food Industry?

The transformation of the food industry through technological advancements is
a compelling topic, exemplified by various examples. Food technology encom-
passes various technological applications, including agri-tech and food tech.
Agri-tech encompasses precision agriculture, breeding techniques, aquaculture,
biotechnology, and the production of new protein sources. Meanwhile, food tech
involves robotics, data technology, novel processing, nanotechnology, and cell
technology [42].

Over the past few years, the food industry has finally overcome hurdles in in-
cluding robotics as an important part of it. With robotics, food industry has
witnessed automation across production processes. As of now robotics is finding
applications in the food industry and its overall demand and sales are increasing
widely in Europe as well as worldwide. With robotics, use of technologies like
image recognition and gripper technology has been implemented increasingly.
This has improved the capabilities such as handling diverse and delicate prod-
ucts, functioning in challenging work environments, as well as following strict
food safety laws. It has been noted that robotics is being used widely across var-
ious restaurants as well as for improving every task and production facilities and

processing plants. (Figure 4)

Robots sales to the food industry are increasing
New robots sold to the food and beverage industry, per year

3192
2480 l
2013 2014

In Europe Worldwide 9724
8194
7056 6853
6200
3412 3766
2772 I I
2015 2016 2017 2013 2014 2015 2016 2017

Figure 4. (Source: Ingwb, 2021). Note. The figure illustrates the escalating demand and sales of robotics in the food
industry, both in Europe and worldwide.

In the year 2016, JBS, which has one of the largest meat processing plants,
started trying robot butchers to cut different sections of the meat. Robots have
created a safe environment as well as reduced overall injuries caused to human
resources. One of the major reasons behind the use of robots across the food in-

dustry is the rising costs involved with labour as well as staff shortages. It has
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been noted that robots can do much more than stacking boxes together, for in-
stance, they have high capabilities to manage operations in the production
process where defined applications across logistics, quality control, processing,
pick and place and packing. (Figure 5)

Robots do much more than just stack boxes
Examples of robot operations by degree of difficulty and their place in the production process

Difficult ©r0

Cutting
Pick and place

Quality control Quality control

Easy

Front of line End of line

Figure 5. (Source: Ingwb, 2021). Note. This image illustrates the high capabilities of robots in managing operations within
the food industry production process.

Different reports have highlighted that the use of robots differs from country
to country. In the year 2017, nearly thirty-one thousand robots were used in the
European Food Industry. Therefore, Europe, particularly Germany and Italy, has
adopted robotics within the food industry, accounting for half of the world’s ro-
bot supply. Countries like Sweden and Denmark, which have high labor costs,
exhibit the highest robot density per 10,000 employees. Conversely, the UK has a

lower adoption rate of robots due to lower labor costs [42]. (Figure 6)

4 i’
Germany and ltaly account for 45%

of European food robots

Share in total European robot stock in
the food and beverage industry per
country, 2017

3%
3%
4%
7%
3% 239
Other European
11% countries 10%
2%
22%

12%

I

Figure 6. Robot stock is concentrated in Germany and
Ttaly (Source: Ingwb, 2021). Note. Reports in 2017 em-
phasized the utilization of robots in European countries.

Technological solutions like data technology have enabled better control and
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optimization of production lines, enhancing transparency from farm to fork
[42]. Novel processing techniques have blurred the boundary between processed
and fresh food, producing fresh-quality processed products like pasta, soup, and
fresh juices. These techniques also have applications in sterilizing and pressuriz-
ing products such as meat and spreads [42].

Companies like WestFort Vleesproducten have invested in robotics for meat
processing, improving food safety and work conditions—data technology aids in
predicting the value extracted from livestock and optimizing production. Simi-
larly, companies like Ardo use camera technology and robotics to meet quality
demands for fresh frozen products [42].

Artificial intelligence (AI) solutions play a crucial role in managing data and
optimizing operations in the food industry. AI enables real-time forecasting of
staff demands and product tracking in cafes and restaurants, enhancing effi-
ciency. Additionally, the Internet of Things and blockchain technology are
emerging as transformative technologies, improving supply chain efficiency and
transparency [43].

In summary, technological innovations are revolutionizing the food industry,
driving automation, enhancing quality, and improving efficiency across various
processes, from production to distribution. These advancements are essential for
meeting evolving consumer demands and ensuring the sustainability and com-

petitiveness of the food industry [43].

4.3. Conceptual Model for Innovative Technology Development in
the Food Industry

Scientific progress often outpaces practical application, particularly in the food
industry, where new findings need more frameworks for technological imple-
mentation [44]. Consequently, there is a pressing need to develop conceptual
models to facilitate the transition of scientific knowledge into new technologies
[44]. These models aim to provide a structured approach for transferring ideas
to entrepreneurs, industrial associations, and regional organizations.

Biotechnology plays a crucial role in agriculture, spanning crop production,
molecular breeding, the creation of transgenic animals, and agricultural waste
processing [44]. It also encompasses dietary proteins, functional foods, and food
ingredient development [44].

Nanotechnology holds immense potential to revolutionize the food industry,
enhancing nutritional properties, food safety, and molecular synthesis of new
products [20]. Its primary focus is improving food safety, nutrient absorption in
plants, optimizing food delivery, creating functional foods, and enhancing food
storage and transportation’s environmental and economic efficiency [44].

Information and Communication Technology is vital for DNA and protein
sequence analysis, accelerating Innovation in life sciences and food technology
[44]. Information and communication technology (ICT) is instrumental in re-
ducing the cost of exploring, testing, and predicting properties of new nanostruc-

tures [44]. Cognitive technology in the food industry involves developing func-
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tional foods influencing human cognition and psychophysiology [44].

Cognitive Technologies also has its roots in computer technology. The term
cognitive has undergone various transformations and it is broadly seen as con-
notation of knowledge and intelligent being [44]. This technology plays an im-
portant role in the food industry because it allows testing of products from psy-
cho and physiological characteristics of humans. In applying this particular
technology to the food industry, the best example includes the development of
functional foods that can influence human cognition and psycho-physiology.

It is important to note that the technology discussed above has wide applica-
tions in food science and technology. It has been noted that the design of nano-
materials can help in manufacturing properties of plants as well as it can be used
for self-assembling and selling healing. Nano sensors and Nano biosensors can
play a significant role in quality control and food safety. For making improve-
ment in the area of processing of food nanofabrication, Nano filtration can play

an important role. (Figure 7)
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Figure 7. (Source: Khramtsov et al, 2014). Note. It is impor-
tant to note that the food industry is expected to transform on
these four pillars of modern progress. With the integration of
these four technologies, as per the architecture shown in the
above figure, it can be said that the food industry will develop
rapidly while involving solutions and products for billion
consumers.

4.4. Discussion

Technology is disrupting the food system, which is a well known fact across the
world. With the use of more and more technology, each area of the food indus-
try is becoming more integrated with every other part. There has been accelera-
tion in the adoption rate of existing technologies as well as new wave technolo-
gies have been emerging which are opening opportunities as well as challenges
for food companies and start-ups. It has been analysed that use of data analytics
as well as various kinds of digital platforms have become a new trend among
businesses as they offer better opportunities to understand customer choices as
well as their needs. Traditionally, these platforms were never available for busi-

nesses to connect more extensively with consumers, therefore, wide use of digital
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platforms is one area that is helping businesses to fulfil consumer preferences in
an effective manner as well as offering personalized catering services. It is im-
portant to note that complex consumer requirements are a major challenge that
food processing companies have to deal with. Simultaneously, it has been argued
that the use of mobile apps and health trackers has made people highly con-
scious about what they consume and the quantity as a quality [20]. These new
trends among the consumers are changing their preferences thereby consumers
are asking businesses to put higher nutritional value and protein content as well
as ensure high convenience in terms of accessibility. Therefore, businesses are
bound to use disruptive thinking and ideas to revolutionize their supply side.
The Food Industry is witnessing transforming and not just what consumers eat
but also so on how foods are produced, supplied and packaged. Starting from 3D
printers as well as synthetic meat, technology is disrupting the food ecosystem.
Different studies have highlighted that control systems are being used by local
food production plants to increase their productivity and lower their costs [44].
Another major innovation that has evolved in the food industry is the use of ver-
tical farms as well as greenhouse or warehouses where food is being produced
with the use of high tech urban indoor farms rather than agricultural land using
soil. With the internet of things and block chain technology gaining momentum
across the world, the Food Industry is also witnessing transformation in its
supply systems due to this new technology. It is important to note that business-
es are burdened with the pressure from consumers regarding transparency as
well as providing real-time data and tracking features. Therefore businesses are
adopting various next wave Technologies to deliver these aspects across their
services. It is important to note that food Tech companies attract maximum in-
vestments from investors around the world as 7 billion consumers on earth are
constant and all customers constantly need food to meet their nutritional re-
quirements. Therefore, it can be said that in the coming decades, the Food In-
dustry will vastly become revolutionise and come out of its traditional practices.
It is difficult to clearly highlight the picture of the future Food Industry, howev-
er, it can be said that businesses ranging from start-ups to small enterprises and
even large scale businesses having global footprint are bound to witness revolu-
tion in their food processing and production facilities, delivering, packaging,

distribution and all other areas.

5. Conclusion

5.1. Summary

In the above study, disruptive Innovation is analyzed, involving the implementa-
tion of technology with tremendous potential to transform business functions.
Various technologies have emerged and transformed the business world. How-
ever, mainly catering to the food industry, it has been identified that disruptive
Innovation leads to improved productivity, better business development, and

cost reduction. Various key drivers encourage disruptive thinking and ideas to
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evolve and translate into business opportunities. For instance, it has been identi-
fied that technological intervention has a significant positive impact on produc-
tion and processing units. With disruptive thinking, enhancements in the prod-
uct life cycle, new flavors, and improvements in food packaging have been poss-
ible. The supply chain, which is always considered a complex part of the food
industry, has been streamlined, offering greater transparency and real-time
tracking and improving quality control across distribution systems.

With growing awareness among consumers, the demand for healthy, sustain-
able, and fresh products is rising, due to which food tech companies and
start-ups are on the rise. With high investment available from around the world,
companies are taking risks to develop new products like artificial proteins, dairy
products, and better quality processed foods, as well as increasing the number of
protein sources. New wave technologies like artificial intelligence, the Internet of
Things, and robotics are being widely adopted by start-ups, cafes, restaurants,
and food processing plants. Disruptive thinking has changed the food ecosystem,
where grocery stores, wholesalers, and producers have become interconnected
and come closer to consumers. However, there are certain drawbacks associated
with it; it has been analyzed that the increasing use of technology across food
processing and production has blurred the lines between fresh and processed
food. New start-ups, along with innovative business models and the use of
new-wave technologies, are disrupting the food industry, thereby challenging
pre-established businesses. With disruptive thinking finding wide application in
the food industry, it is evident that the entire food ecosystem and its landscape

will transform in the coming one or two decades.

5.2. Linking with Objectives

Various disruptive ideas have emerged in the food industry, which has been illu-
strated in the above sections. It has been identified that 3D food printing is an
emerging idea that is being adopted by various organisations. They are primarily
using 3D printing methods to produce high nutritional food products providing
customers with precise and customised nutrition to cater to individual choices
and preferences. Bioprinter is one of the most effective specialised forms of 3D
food printers that have been adopted. Along with this, artificial proteins or lab
grown meat is widely translated into easily accessible products in the market.
With the rising demand for high nutritional value and protein content, food
companies are focusing on production of insect based food, plant based food as
well as using algae to produce high protein foods that may soon become a new
normal in the coming future. Along with this, disruptive ideas are also trans-
forming how food is produced, for instance, nanotechnology and biotechnology
are being widely used.

According to the current trends of disruptive innovation in the food industry,
it has been studied that food tech companies and start-ups are the frontiers of
innovation. Discussion about various examples highlighting names of different

companies, which have done a remarkable job ranging from commercialising
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alternative proteins, use of vegetarian versions of meat products as well as de-
veloping milk kit distribution. Industrial food tech has also been involved with
the current trends. As consumer’s demand for sustainable and healthy food
products rises, several companies have come forward to develop technology re-
garding food quality, foreign object detection, reducing food wastage and im-
proving nutritional labelling. At the current stage, the major change that has
been observed is that consumers prefer more to the quality of food that they
consume than the quantity. Therefore, various companies are preparing healthy
food products using artificial intelligence.

It is important to note that new technologies like internet of thing have widely
affected the entire food industry. Although, the implementation of disruptive
thinking is currently at its early stage, however, several organisations are follow-
ing the trend to optimise their production processes as per the customer needs
and preferences to sustain their business. One of the disruptive thinking in the
food industry is the widespread use of robotics. Earlier, it was noted that imple-
menting robotics in the food industry was quite challenging. However, now the
food industry and its stakeholders have overcome all hurdles in robotization.
Robotics has found wide application in production facilities and processing
plants, where they can be seen handling difficult and delicate tasks. The use of
robotics has improved working conditions in the food industry companies,
along with this, the use of data technology has provided better transparency and
real-time data to consumers thereby, winning the trust of consumers as well as
encouraging them to spend more on food and beverages. Lastly, it can be said
that disruptive thinking has completely transformed the food ecosystem where
all the participants including farmers, grocery stores, producers and wholesalers

are better connected with the consumers.

5.3. Recommendations

It is important to note that the study has emphasized the use of robotics, its wide
application across cafes, restaurants, and food processing plants, and how it has
helped improve quality control and ensure a safe work environment. The study
has primarily focused on highlighting the use of artificial intelligence and show-
casing various examples of companies that have made a strong mark with inno-
vative ideas and products. However, it is essential to note that disruptive think-
ing and technological implications in the food industry are still in their early
stages. There are various new products and technologies still to be developed
and commoditized. Therefore, there is tremendous scope for future studies and
research. Primarily, future studies should focus on exploring the negative im-
pacts of rapid technological innovations and the impact of changes in the food
industry on consumer perceptions and attitudes. It is important to note that
consumers are only sometimes willing to compromise on the taste, smell, and
appearance of food to which they are accustomed. Therefore, analyzing how
changes in the food industry would affect consumer perceptions and how willing

they are to accept lab-grown meat and other new products becoming readily
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available in the market is an essential area of research and study.
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