Towards White Revolution 2.0: Challenges and Opportunities for the
Industry 4.0 Technologies in Indian Dairy Industry

Abstract

The world has encountered numerous global crises, including epidemics, military conflicts, and economic collapse. Innovative digital
technologies such as Industry 4.0 (I14.0) can undoubtedly help improve industries' operations during critical times. The dairy industry
has seen an increment in technological adoption in the last few years. Adopting cutting-edge technologies is regarded as more feasible
as compared to existing practices. The advancements achieved through the white revolution became game changers for the Indian dairy
industry, establishing it as a top producer. Following the present scenarios, the Indian dairy sector needs a new revolution that prioritizes
improving safety, quality, transparency, and sustainability by employing digital technologies. This review critically demonstrates the
emergence of technological transformations in the Indian dairy industry. We developed a conceptual framework for the concept
introduced as “White Revolution 2.0”, which indicates the digital revolution in the Indian dairy industry. This proposed framework
presents three dimensions of “White Revolution 2.0, i.e., technological dimension, external factors, and applications of 14.0. The
proposed framework will significantly improve dairy operations by effectively addressing the identified challenges throughout every
aspect of the dairy industry. The findings indicate that adopting the proposed concept can ensure effective supply chain integration and
a sustainable future for the dairy industry by integrating all stakeholders. Practical implementation of the proposed concept will surely
improve food safety, security, and quality sustainably. This review will assist practitioners and researchers in understanding the
fundamentals and necessity of the “White Revolution 2.0”. The developed framework can serve as a roadmap for integrated dairy

digitalization.
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. Introduction

The term “Industry 4.0” is derived from the German phrase “Industrie 4.0”, which first appeared in 2011 at the Hannover trade fair
handling (Schuh et al., 2016). The German government's high-tech strategy was to encourage technological innovations and
digitalization of industrial operations. Robotics, simulation, integrated systems, big data (BD), Internet of Things (IoT), cloud
computing, cyber security, augmented reality, and additive manufacturing were the initial pillars of 14.0. The primary goal of 14.0
technologies is to reduce production costs while increasing flexibility and agility through elevated production and quality improvements
(Hassoun et al., 2022b). In the perishable food supply chain, it is critical to meet consumer demands considering the factors related to
quality, cost, on-time distribution, and wastage. Food material handling is a crucial component of the supply chain (Fredriksson and
Liljestrand 2015). It encompasses cold and ambient logistics, requiring precise planning, execution, and efficient monitoring to
effectively manage the movement of food products from farm to fork (Hopkins and Hawking 2018). Production and distribution are
experiencing transformations and their reliance on 14.0 technologies. For example, machines can anticipate and request service;
operators trained on 3D simulators and fictional characters in augmented reality glasses can provide virtual service assistance
(Monshizadeh et al., 2023). Industry 4.0 has the potential to revolutionize the food industry through innovative, integrated technology
and web-based platforms. The dairy sector represents one of the largest and most significant agricultural sectors worldwide, offering
humans an essential resource for nutrient intake (Hassoun et al., 2022b).

The dairy industry is still at the forefront of a technological transformation, with emerging technologies and technological advancements
evolving in all aspects of the dairy sector's farming and production systems. Factors such as food safety and quality issues, animal
welfare, increasing consumer demands, waste management, and optimization contribute to the dairy industry's requirement for

technological innovations (McDonald et al. 2016). Notably, the worldwide population continues to grow rapidly, so consumer demand
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for dairy products is increasing. Thus, dairy producers must sustainably increase milk production and processed dairy products (Malik

et al., 2023). Industry 4.0 and related technologies have been discussed for their potential to increase digitalization and automation,
resulting in the vision of smart manufacturing with increased productivity, improved food quality, less waste, and optimized production
in the dairy industry (Hassoun et al. 2022a). Additionally, many barriers posed by the COVID-19 pandemic, including labor shortages,
quality and safety measures, logistics disruptions, reduced processing capacity, milk spoilage, etc., have made businesses think of
digitalization and automation (Sarkar et al. 2020; Munien and Telukdarie 2021; Goodarzian et al. 2021). The applicability of 14.0 in the
dairy industry is limited to animal welfare, automation, monitoring, etc. However, considering the current scenario, the dairy industry
needs digital transformation employing 14.0 technologies in an integrated manner (Malik et al. 2023). Fig. 1 demonstrates a pictorial

representation of digital technologies and their sub-parts. Layer 2 presents the 14.0 technologies and blockchain; layer 3 includes their
major subtypes.
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Fig. 1 Overview of Digital technologies

In line with the digital transformations, the term ‘White Revolution 2.0’ refers to technological advancements in farm-to-fork operations
within the dairy industry, which could be considered under the digital revolution umbrella. In White Revolution 2.0, factors like

industrial, human, and technology could deal with the critical challenges of the dairy industry. Accordingly, the dairy industry will
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benefit significantly from 4.0 and digitalization. Predictive maintenance could also help identify the indications for specific operational
parameters and avoid unexpected breakdowns, thus improving overall business performance (Abidi et al. 2022; Bueno et al. 2023).
Though several smart industries are presently implementing 14.0 technologies that enable them to operate in an increasingly competitive
environment, the dairy industry must adopt this industrialization wave (Jachimczyk et al. 2021). Despite employing automation for
some tasks such as milking, packaging, and handling, many operations within the dairy industry are not fully “digitalized”, which could
be due to the complicated structures. Many dairy producers still rely on historical data and accordingly plan their demands and
production, making it challenging to foresee business growth and sales targets (Murphy et al. 2014; Shyian et al. 2021). Numerous dairy
farms are currently facing significant delays and falling behind set schedules, and therefore, require support and assistance to meet the
increasing consumer demand (Daftary 2019; Cabrera and Fadul-Pacheco 2021; Nurhayati et al. 2023).

Furthermore, COVID-19 has also accelerated developing and implementing cutting-edge technologies in production facilities across all
areas. The larger players in the dairy industry have mostly adopted and capitalized upon these improvements. More inequalities in
capability among large and small producers have resulted from these developments (Munien and Telukdarie 2021). There are hopeful
prospects for small dairy industries despite the challenges. The profit margins of smaller dairies can be improved by several methods
that do not drain resources or slow the production process. Developments and breakthroughs in automation and integration improve
advances in food safety, quality, flexible production, reliability, and traceability (Maldonado-Siman et al. 2013).

The dairy industry is becoming increasingly sophisticated to achieve higher efficiency and flexibility. The emerging technologies that
comprise 14.0 can help producers improve their workflow, operations, and maintenance. The dairy industry has adopted several
technological applications based on the user interface as the primary application area. The interface focuses on real-world optimization
applications in real-time and highly accurate data sharing in production by integrating information systems with process control (Akbar
et al. 2020; Alonso et al. 2020). This paper focuses on current technological advancements and breakthroughs in the dairy industry,
emphasizing 14.0 technology. This review is an extended work of the concept suggested by (Malik et al. 2023) in the context of dairy
integration through a digital revolution. There is a lack of an integrated framework, especially in the dairy industry, that can incorporate
or link dairy operations and stakeholders in an optimized way to enhance dairy functionality. Considering this as a gap, we proposed
the “White Revolution 2.0” concept, which will provide a 360-degree approach to the dairy industry by addressing existing challenges.
Hence, the main objectives of the review are the following:

Analyze the current state of technological interventions in the dairy industry and provide an overview of dairy 4.0 technologies and
enablers.

Identify the enablers to develop the “White Revolution 2.0” concept for the dairy industry.

This article is structured as follows: Section 2 provides the literature review; Section 3 offers a brief introduction to the concept of “The
White Revolution 2.0”; Section 4 gives a detailed overview of 14.0 technologies in the dairy industry. Section 5 highlights the need for
“The White Revolution 2.0” in the dairy industry, along with recent milk adulteration and frauds occurring worldwide; Section 6

presents a discussion along with implications of the study; and finally, Section 7 concludes the review with future research directions.

Related Studies

The literature findings show that 14.0 technologies are functional in the dairy industry but at a low level; many studies reported the
application of big data, automation, ML, and sensors in the dairy industry for animal welfare, quality control, analytics, etc. (Wilbey
2017; Hansen et al. 2020; Newton et al. 2020). The researchers proposed a framework based on 14.0 Technologies to achieve
manufacturing sustainability for industries (Bag et al. 2021). Many researchers highlight the importance of technological intervention
and its impact on the dairy industry in a sustainable direction (Basunathe et al. 2010; Upton et al. 2015; Cabrera and Fadul-Pacheco

2021). The researchers address the factors impacting technology adoption among farmers, showing that trust, collaboration, and
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awareness are the primary responsible factors (Akzar et al. 2022). The authors discussed current research trends related to the adoption
of blockchain technology in supply chain activities and presented a brief overview of associated challenges and future research
opportunities from business perspectives (Chakraborty et al. 2023). Some researchers focused on applying innovative technological
solutions, including IoT and other digital technologies, as enablers to address the issues related to circular economy and supply chain
sustainability (Akbari and Hopkins 2022; Jauhar et al. 2023). The Industry 5.0 concept to address disruptions in the supply chain was
discussed by (Agrawal et al. 2023) through an integrated human collaboration approach and the impact of various disruptions such as
climate issues, war, and pandemics. The supply chain 4.0 methods and the role of social media was discussed by (Hoang et al. 2023)
using a systematic and bibliometric analysis to explore several aspects of supply chain 4.0.

For example, the data relevant to animal activities, such as feeding, rumination, sleeping, movement patterns, etc., can be evaluated,
and health trends can be obtained (Fuentes et al. 2020). BD also helps with disease prevention and feeding issues. There is a significant
opportunity to use BD to enhance the efficiency and productivity of the dairy industry (Neethirajan 2020). The sensor-based technology
can identify animal sickness efficiently and accurately before it affects the milk supply. By collecting real-time cattle statistics like
movement, temperature, and pulses, IoT acts as a vital platform for livestock farming (Vate-U-Lan et al. 2017). This critical data can
be utilized for a comprehensive investigation to determine cow oestrus. The most exciting advantages of this method are a boost in milk
production, dairy industry profitability, and lower labor and medical treatment expenses. It has also gained the interest of the dairy
industry and animal welfare programs (Doinea et al. 2015; Tang et al. 2018; Michie et al. 2020). AR offers essential data about individual
cattle, such as identity, health history, productivity, heat signs, feeding patterns, and inactive behavior, among other things (Jagtap et al.
2021). One of Asia's top retailers, the Dairy Farm Organization, was the target of a cyber-attack from the REvil group (Madsen 2021).
The leading dairy company in the world, Lactalis, has reported being the victim of cybercrime. The company claims that only a few
network systems were affected during the incident (Gatlan 2021). Consumers have more faith in the dairy industry because of
blockchain's track-and-trace capabilities, ability to combat food fraud, immutable data, secure data storage, and increased security in
the production process (Casino et al. 2020). Recent developments have greatly improved the incorporation of automation and monitoring
of dairy operations in image processing technology (Huang et al. 2014). Dairy processing and manufacturing facilities employing
automated systems must conform to the strict safety and quality guidelines of regulatory bodies that oversee the food industry. Dairy
manufacturers face difficulty observing such processing operations and identifying how they affect the quality of the finished product.
Image-processing techniques can be employed to thoroughly evaluate dairy products at every production stage. Imaging technologies
have become widespread in the dairy industry for various essential purposes, including melamine detection, texture, and stability testing

(Jarvis et al. 2017; Ebrahimnejad et al. 2018).

Based on the reviewed literature, Table 1 presents an overview of potential technologies applicable in the dairy industry. We identified

the factors which can serve as a foundation for the proposed theoretical concept.

Table 1 Studies on the intervention of digital technologies in the dairy industry

As Table 1 shows, most of the studies reported research in a theoretical context, and very few highlighted the practicality of 14.0 in
dairy operations. Some successful technological implementations in the dairy industry were also reported in the literature, which include
animal health monitoring using ML (Franceschini et al. 2022), streamlining the dairy ecosystem by IoT and blockchain technology
implementation (Gehlot et al. 2022); decision-making tools based on IoT and big data analytics (Cabrera et al. 2020), robotics-enabled
automated milking system, etc. Food security worldwide is a pressing problem in a society with limited resources, evolving climate

conditions, and a rapidly growing population. A future smart dairy industry requires extensive integration throughout the farm-factory
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interface (Augustin et al. 2013). The dairy industry must re-evaluate its resource consumption to remain competitive and productive to
minimize the climate effects (Cabrera and Fadul-Pacheco 2021). Also, the evaluation of production-imposed variation in production,
opportunities for on-farm processors, and the impact on in-plant operations is required to build a comprehensive approach for efficient
and productive milk conversions into products in a sustainable manner. Concentrating on dairy farms can help improve sustainable
development by optimizing transportation, chilling costs, and carbon emissions (Munshi and Parikh 1994; Rokonuzzaman 2018;
Bergamini et al. 2019; Cabrera et al. 2021). Automated technology is revolutionizing milk production and handling. In most
circumstances, automated systems are quicker and more accurate. Milking robots, also known as automatic milking systems (AMS),
have proven to be a very effective and crucial implementation of automation in the dairy industry (Vik et al. 2019). Dairy process
simulation is helpful for a variety of reasons, including designing a new dairy production plant, addressing bottleneck problems in an
existing structure or combination with plant improvements, and assisting with planning and control in the face of a highly complicated
product and raw-material flow (Camejo et al. 2018). Robotic milking methods use Al to determine whether the cattle need to be milked
and to inform farmers of any issues with the cattle’s food habits, milk quality, and other parameters (Rodenburg 2017). Al also has the
potential to integrate the massive amounts of data produced on dairy farms, the unavailability of which is a significant contributing
factor to the continued prevalence of problems, including short life spans, unsatisfactory performance, and deteriorating health. India is
implementing Al-based technologies, such as machine learning and the Internet of Things, to enhance milk production. Due to advances
in animal identification and tracking technology, small dairy producers in India will have access to cutting-edge strategies for raising
product quality while reducing wasteful spending. Technology-driven Al will help the dairy industry overcome challenges and become
efficient (Pawar and Panchal 2019). The literature findings from Table 1 highlighted the gaps existing in the current dairy scenario,
including stakeholder coordination, resistance to adopting technological solutions, effective data management systems, lack of
transparency, ineffective food safety and quality practices, awareness, regulation, policies related to emerging technologies adoption,
etc. Issues related to waste management, sustainability practices, farmers' welfare, and industrial optimizations need to be addressed
through practical approaches to enhance dairy sustainability. The findings show minimal literature on the integrated dairy optimization

concept, which necessitates the need for such a concept to establish a linkage between identified gaps.

. The Concept of the White Revolution 2.0

On January 13, 1970, the White Revolution started in the Indian dairy industry as a game changer and most extensive dairy development
plan. It was instrumental in India's rise from a milk-deficit nation to the world's top milk producer in 1998, surpassing the United States.
The “White Revolution” operation was successful because it relied on mass production and participatory democratic processes. As a
result, India became the largest milk producer, yet milk adulteration and fraud issues increased parallelly (Basu and Scholten 2012).
Unhygienic practices, such as handling methods, lack of policies, and low levels of food safety and quality awareness, are some factors
responsible for adulteration and fraudulent activities (Bouzembrak et al. 2019). Digital technologies have the potential to overcome
issues related to quality and safety. Proper implementation of such technologies can sustainably transform the dairy industry. After the
White Revolution, the dairy industry is on the verge of digital transformation. The researchers have devised the phrase “White
Revolution 2.0” to describe the impending digital transformation of the dairy industry, and thus, it could be another revolution, i.e.,
“White Revolution 2.0”. The researchers developed a conceptual framework presented in Fig. 2. Additionally, in Table 1, The

researchers identified factors to establish the conceptual framework of “White Revolution 2.0” based on literature analysis.



Industry 4.0 Technologies External Factors

Optimisation
Consumer Demands
Societal Awareness

Artificial Intelligence
Machine Learning

In.ternet of Things < Waste Management
Big Data = Implementation
Blockchain > Sustainability
Robotics . Infrastructure
Other 4.0 Technologies Government Policy
Stakeholder Coordination
Human Factors Dairy Operations Domains
PR Logistics Animal Welfare
Knowledge ::::';:JL;T#::@ Smart in\'enti.er Prnduc.l'ion
Capabilities » Water Monitoring llam:ll.}ng » fallecton "
Technical Skills Health Monitoring Porting g Tenngactution
Human Workforce € Movement Tracking Himart Packaing < Eeacaing
Administration Hyat Cycle Tracking Optimisation Packaging
s Cieaning Tk'aces.ﬂ:fl!lty [n.vel:!targt' Management
Real Time Data Collection Data Acquisition Distribution
Waste Management Retail
Consumer
Y Y 4

White Revolution 2.0

Fig. 2 Conceptual framework of “White Revolution 2.0”

The conceptual framework of “White Revolution 2.0”, as illustrated in Fig. 2, is inspired by the framework developed by (Winkelhaus
and Grosse 2020). Winkelhaus and Grosse developed the framework to link the literature on 14.0 technologies with the current status
in that particular research area, but we adopted and modified the framework to integrate the dairy operations with stakeholders to
optimize the dairy functionality. The primary modification is the practical implementation of the proposed concept. Combining the
technological enablers, external factors, and human intervention in an integrated manner will present a better visualization of dairy
sustainability. A more comprehensive vision of dairy sustainability can be derived by integrating technological enablers, external
factors, and human intervention. This framework has three dimensions:

(1) The first dimension consists of external factors, including industrial optimization, the effect of change in consumer demands and
behavior on the industry, awareness about safety and security, waste management, the emergence of 14.0 in the dairy industry, and
sustainability. Moreover, issues related to existing infrastructure, stakeholders’ coordination, and Government policies related to
technology adoption are part of this dimension. All these components of the first dimension can be considered a proactive step towards
integrated digitalization of the dairy industry. The increasing demands of consumers, the rising focus on environmental impacts and
waste management, and the involvement of industrial stakeholders in implementing digital technologies are all contributing factors that
underline the necessity for a practical approach to address industrial optimization. Considering all these components, industrial
optimization through the proposed concept will be practically possible to achieve. Achieving industrial optimization via the proposed

concept will be economically feasible in considering these various components.



(2) The second dimension is the technological aspect. It included the blocks of technology, which enable the development of an
integrated environment for 14.0 technology dealing with challenges listed as external factors in the first dimension. This dimension
embraces all critical technologies under the banner of 14.0 and others. Al, ML, the IoT, and blockchain are commonly used examples.
This dimension can serve as the foundation for “White Revolution 2.0”. This dimension involves implementing a 360-degree approach
to connecting the factors the first dimension suggests. The technological dimension relates different dairy operations and 14.0
technologies for every external component in the dairy industry.

(3) Finally, the third dimension focuses on the dairy industry and is further categorized into three parts: domains of the dairy industry,
human factors, and dairy tasks. The dairy operational activities and application areas of the 14.0 technologies are categorized into animal
welfare, production, procurement, collection, transportation, processing, packaging, distribution, and consumer end. Human factors
influence dairy tasks and technological implementation, such as skills to deploy 14.0 innovations and limitations posed by the human
workforce, which can affect output quality and efficiency. Human factors such as their skills and knowledge, physical capabilities,
decisions, and, most importantly, their perspective towards transformations in technological adoptions all impact dairy efficiency and
productivity. Humanly decisions related to adopting innovative technological solutions for dairy optimization also significantly impact
the advantages from the technological dimension.

The main challenge is integrating technology into dairy operations such as milking, monitoring animal activities and health, feeding the
animals automatically, sorting and processing the products, and keeping track of inventories and transportation (Jideani et al.
2020). Industry 4.0 technologies and dairy operations are interlinked because these technologies are being used all over the dairy
industry. Accordingly, using these technologies in the dairy supply chain can be termed dairy digitalization. Within the 14.0 context,
dairy is being digitalized after incorporating technologies (Malik et al. 2023). The researchers termed it “White Revolution 2.0”,
denoting the digital revolution in the dairy industry. As shown in Fig. 1, “White Revolution 2.0” presents the linkage of all three
dimensions and points towards practical implementation of the concept. For example, if any component emerges for external factors
that will require related technology from a technological dimension with the impact of human factors and associated dimensions,
(Khanna et al. 2022) provide an example to link 14.0 technologies with dairy operations such as traceability, safety and quality, and

sustainability which gives a brief overview of the functionality of technological integration in real-world scenarios.

. Dairy Industry 4.0 Technologies and Enablers

By the end of the White Revolution, also known as Operation Flood, around 73,930 cooperatives had been established, uniting over 3.5
crore dairy farmers (Prabakaran 2015). Thanks to the White Revolution, hundreds of cooperatives across India are thriving and
accomplishing their goals efficiently. In summary, the revolution brought prosperity to many rural areas of India. However, with the
increase in population and consumer demands, the dairy industry faces challenges in maintaining food safety and security. In this,

technology can play an important role. The following section outlines the key technologies and their applications in the dairy industry.
4.1 Industry 4.0 Technologies

4.1.1 Robotics and Automation

Robotics is the study of robots and integrating computers for their management, sensing, and data processing with benefits such as
increased productivity, less space requirement, more straightforward mechanical solutions, and better cleanliness (Heema et al. 2022).
The dairy industry has lagged behind other sectors in using robots because of the difficulty in designing manipulators to handle products,
which are incredibly diverse in size, shape, and composition. However, robotics has various potential uses in the dairy and food
industries, including grading food products, picking and placing activities, packaging and palletizing, and dairy production and

processing (Prasad Kamdhenu and Prasad 2017).



4.1.2 Big Data (BD)

BD analytics is undoubtedly an effective tool at the producer's disposal when gathering information on dairy products to make informed
business decisions. BD is linked to the constant, rapid, and massive generation of many forms of unstructured data (Zhang et al. 2021).
In addition, BD is identified by its status as data of high reliability and significance. Data science is increasingly used in the dairy
industry to create data through sensors (Hopkins and Hawking 2018). These sensors produce information about the livestock's
physiological or behavioral aspects (Rutten et al. 2013). It can also assist in identifying consumer and market patterns and the

development of new services and products (Fuentes et al. 2020).

4.1.3 Internet of Things (IoT)

The Internet of Things refers to the movement of information among networked computer machines and devices (Bouzembrak et al.
2019). It consists of physical equipment that gathers data, a network that sends the information, and an interface layer that contains IoT
software and services. IoT has supported the development of integrated devices, resulting in a growth in intelligent applications (Kim
and Park 2016). It is frequently used in the production process to improve traceability and transparency. Wearable IoT devices enable
real-time monitoring and tracking, as well as employee safety, productivity, and food safety (Accorsi et al. 2017). [oT and information
strategies are expanding the possibilities for modern dairy production. IoT can benefit farmers by providing smart embedded sensors

that keep them informed on the state of each animal.

4.1.4 Augmented Reality (AR)

Augmented reality enhances visualization of the actual world. Augmented reality in production operations has increased performance
efficiency compared to conventional practices, yet it requires employee training to gain effectiveness and capabilities (Berkemeier et
al. 2019). The AR application offers better, more reliable, and more precise dairy assessment while leveraging the industry's dairy
evaluators' knowledge and expertise. During the last few years, the dairy industry has used novel techniques to boost animal production,
revenue, and welfare. Alongside increased data acquisition and processing, AR aims to emphasize physical world aspects, increase
knowledge of such elements, and extract meaningful and accessible understanding that can be utilized in practical systems (Piekutowska

et al. 2018).

4.1.5 Cyber Security

Cybersecurity is protecting data and digital technology infrastructures like computers and networks and the availability of personnel
with the necessary expertise. Cybercrime and cyber-enabled crime are rising worldwide, seriously affecting numerous markets and
production sectors (including enterprises, universities, healthcare, government sites, etc.). When an industry adopts or implements
cutting-edge technology, security flaws in that system become a top priority (Culot et al. 2019). In a recent cybercrime case, the
American dairy company H.P. Hood Dairy temporarily shut down 13 factories nationwide. Hood was forced to dispose of some dairy
goods due to the shutdowns, and the company has warned that some consumers may experience delays and cancellations while the

operations get “back up and running” (Gardizy 2022).

4.1.6 Blockchain

Through blockchain, the dairy industry can demonstrate its proficiency in dairy production. The technique consists of a digital identifier
applied to the packaging of each dairy product that can trace product origin. These identifiers can provide information about animal
welfare to dairy operational activities such as quality, security, and managerial aspects. These identifiers can provide a complete audit
trail from the farm-to-fork journey of milk and milk products (Khanna et al. 2022). The producers of counterfeit milk products, who

intend to disrupt the industry, are the intended target of this technology. Regarding sustainability, the dairy supply chain has never been
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very effective (Wang et al. 2022). Producers had adopted many illegal methods to increase their profit. The decentralized and distributed
nature of blockchain can deal with such problems to guarantee the traceability of animals and dairy. As a result, blockchain technology

can boost trust in food quality and safety among market regulators and customers (Kumar and Kumar 2020).

4.1.7 Imaging Technology

Imaging technology is widely used in the supply network to visually observe products in the production process with minimum human
involvement. Industry 4.0 techniques facilitate integrating systems that can observe and act to various scenarios depending on already
defined parameters by directly making quick production decisions (Kang et al. 2021). Several imaging technologies are available,
including spectroscopic techniques, X-ray imaging, digital and analog processing, near-infrared imaging, and smell imaging (Siedliska
et al. 2018). Such approaches involve taking photos in real-time, displaying them on systems, and immediately analyzing the data to

produce control instructions (Chu et al. 2020).

4.1.8 Simulation

Developing an industrial process simulation model can help predict the process's response, essential for making decisions and optimizing
its performance. When done with reasonable accuracy, the simulation model greatly aids in studying the operation, efficiency, and
trends of product or process variables. In addition, the simulations have been tested for years with many essential users, ensuring their
accuracy (Munir et al. 2016). Although the simulation model is well-known in many fields, the chemical and petrochemical
characteristics of dairy products have kept the technology from gaining traction in the dairy industry. The milk's structure and the time-

dependent changes that occur in it are also significant factors (Campbell and Thomson 1998).

4.1.9 Integration

Integration plays an essential role in the growth of any industry. However, management, analysis, and control parts have traditionally
been considered separate components of the industry management system. This categorization is becoming a hurdle in the
communication of machines and sensors (Roh et al. 2021). Data created by the industry’s machinery, suppliers, and software programs
are combined with advancements in automation and integration (Demirbas et al. 2004). The interconnection and thorough integration
of equipment and systems is made possible by integrating data horizontally and vertically. All data created at any level of an organization
can be stored, accessed, and analyzed for further insights in one place and then mined for insights. This integration will be helpful in

improving quality, cost, and productivity (Cabrera and Fadul-Pacheco 2021).

4.1.10 Artificial Intelligence

Artificial intelligence (Al) is among the technologies of 14.0, transforming traditional management practices. Al is described as the
capacity of machines to employ algorithms, interpret information, and apply what they have learned to make decisions in a human-like
manner (Kutyauripo et al. 2023). Al has several applications, including efficient optimization of the dairy business, online payment and
data administration, real-time monitoring of calves, and precocious illness diagnosis (Pournader et al. 2021). The adoption of Al in the
dairy industry is rapidly increasing. Keeping dairy cattle in optimal biological and physical health can significantly improve the current
situation for dairy farmers (Krpalkova et al. 2020). With a more commercially viable approach to dairy production comes renewed

optimism and exciting possibilities for the dairy industry (Chidinma-Mary-Agbai 2020).

4.1.11 Cloud Computing
Applications, data storage, and data processing techniques can be accessed and used in a cloud environment. The term “cloud

computing” refers to a service delivery model in which users have near-constant, anywhere-access to a mutual pool of programmable
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computing resources (such as network systems, storage, servers, and interface) which can be quickly accessed with no effort on the part
or connection from the provider (Mustapha et al. 2021). In both directions, information can move between back-end servers and front-
end users in the cloud (Gill et al. 2019). Within the dairy industry, many cloud-based solutions integrate several operations and facilitate
real-time management on a cloud-based system. Data availability, monitoring, demand-supply management, and many other vital

activities are handled using cloud computing (Jukan et al. 2019).

4.1.12 Additive Manufacturing
Additive manufacturing is a technology that enables the 3D reproduction of an already digitally created design (Fahmy et al. 2020).
This technique allows for the commercial production of complicated and durable products by combining material layers, including
metal, plastic, or ceramic, until the 3D object is produced (Haug et al. 2023). Accuracy in product development, reduced human errors,
personalization, decreased transportation and production costs, and significant agility, flexibility, and adaptation for production lines
are key advantages of this 4.0 innovation (Sepasgozar et al. 2020). 3D printing enables the production of uniquely shaped panner,
cheese, ice creams, and chocolates, which appeal to consumers and boost the industry’s revenue (Lipton et al. 2015). Researchers

recently discovered a new method for 3D printing milk-based sweets that prevents spoilage at ambient temperature (Lee et al. 2020).

4.1.13 Machine Learning

Machine learning (ML) entails novel data analysis methods, which are especially appealing for analyzing massive datasets (Abidi et al.
2022). In agriculture, dairy producers employ many sensors that generate enormous amounts of information. ML approaches are used
to forecast data in the dairy industry, like milk production and energy consumption. Producers track herd statistics using livestock
management software, behavioral monitoring, feed schedules, breeding cycles, and health information (Cockburn 2020). Consequently,
the massive volume of data related to the dairy industry is becoming accessible. The absence of system integration makes it challenging
to assess the dairy farm's records. In summary, ML can build and enhance farmers’ decision-making within the dairy industry (Shine

and Murphy 2022).

4.2 Adoption Challenges and Benefits Digital Technologies

Dairy firms are slowly implementing 14.0 technology to boost technological advancement and improve operational procedures;
however, the widespread adoption of technology is still a concern (Yadav et al. 2020). A significant barrier is the associated cost of
implementing advanced technologies such as [oT sensors, automation, and data analytics. Setting aside the resources required for such
changes can be time-consuming for several small to medium-sized dairy businesses. The complicated nature of integrating data from
multiple sources is another challenge. Dairy farms and processing plants produce large amounts of data, so it is critical to establish
robust and reliable data collection, storage, and analysis systems (Gargiulo et al. 2018).

Furthermore, data security and privacy concerns slow down the broad implementation of such technologies. Table 2 presents a brief
segment about existing adoption challenges and potential applications of 14.0 technologies. Despite these challenges, adopting 14.0 can

offer several advantages to the dairy industry.

Table 2 Technological Challenges and Potential Benefits in the Dairy Industry

Higher organizational effectiveness can lead to optimized efficiency and reduced cost through technological innovation and real-time
data analytics. IoT sensors and data predictive analytics can enhance product quality and uniformity, maintaining customers obtain

superior quality products (Newton et al. 2020).
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Fig. 3 Bridging the challenges and potential benefits through White Revolution 2.0

The proposed concept of White Revolution 2.0 bridges the gap between challenges and potential benefits for the dairy industry, as
illustrated in Fig. 3. Also, 14.0 technologies enable traceability and transparency within the dairy industry, facilitating stakeholders to
follow the origin of products and improve transportation and storage. Devising appropriate maintenance strategies, including predictive
maintenance, lowers interruptions and maintenance costs, whereas resource optimization promotes sustainability and lowers
environmental impact (Khanna et al. 2022). The dairy industry's advancement in implementing 14.0 innovations could offer possibilities
for sustainable practices, improved competitiveness, and better consumer satisfaction. Finally, the dairy industry's digital evolution will

be accelerated by ongoing initiatives to address adoption challenges and capitalize on possible advantages (Casino et al. 2020).

. Need for White Revolution 2.0 in the Indian Context

The factors identified in Table 1 show that technological intervention in the dairy industry is already in action but is divided into different
segments. An integrated flow and the linkage in the dairy industry from farm-to-fork activities seem missing. The proposed concept of
“White Revolution 2.0” enables each component of the dairy industry to explore the possible opportunities in the technological context
as per existing challenges. Other concerning issues discussed by (Malik et al. 2023) indicate the necessity of the proposed concept in
the dairy industry. According to previous studies, milk has been observed to be among the most popular food products to be tampered
with. The increasing number of fraudulent milk activities in the dairy industry further proves that digital technologies are essential.
These innovations allow early detection and avoidance of milk fraud(Malik et al. 2022). For example, using blockchain technology,
milk can be traced from farm-to-fork activities to detect and prevent fraud. IoT sensors can further monitor the milk temperature and
other storage conditions to detect tampering with the product (Khanna et al. 2022). Existing issues such as adulteration, counterfeiting,

transparency, supply chain optimization, etc., indicate the need for the proposed concept.

5.1 Milk Adulteration and Fraud Cases
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The increased dairy production has resulted in rising issues about the quality and purity of milk and its derivative products. Milk fraud
has happened throughout time and is still an essential worldwide problem. Previous academic research has shown that adulterated milk
products can be encountered in many regions worldwide, especially emerging nations such as India, where milk production is massive
but unregulated techniques are prevalent (Montgomery et al. 2020; Virto et al. 2022). Table 3 offers a summary of issues related to milk
adulteration and fraud in India and throughout the globe. The researchers checked the literature related to milk adulteration and fraud

cases. Information was also collected from official FSSAI reports 2018, which helped to analyze the status of adulteration cases.

Table 3 Adulteration and Milk Fraud Cases

The adulteration cases reported in Table 3 show that the proposed “White Revolution 2.0 concept can address such issues by integrating
technological solutions for various dairy operations. A successful implementation using blockchain-enabled traceability for dairy was
done by (Khanna et al. 2022) to enhance dairy transparency. Many researchers propose similar frameworks for the dairy industry to
improve food safety and quality through digital technological solutions (Azevedo et al. 2023). Successful implementation of 14.0
technologies such as circular economy initiatives (Hettiarachchi et al. 2022), sustainable solutions (Despoudi et al. 2021), smart
manufacturing (Zheng et al. 2018), additive manufacturing (Butt 2020), quality management (Baran and Polat 2022), and logistics
(Hopkins and Hawking 2018) indicates the game changer potential of 14.0 integration with supply chain operations.

Section 3 discusses the concept of “White Revolution 2.0” and 14.0 technologies transforming the dairy industry more effectively and
efficiently. After analyzing the literature related to the interventions of 14.0 within the dairy industry and identifying pertinent factors
as presented in Table 1, The researchers modified the conceptual framework shown in Fig. 2. Accordingly, a framework is presented in

a more organized and detailed manner, highlighting the importance of digitalization within the dairy industry.

5.2 Proposed Key Features of White Revolution 2.0

The framework is refined as per the findings of Section 3, represented in Fig. 4.
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Fig. 4 Modified Conceptual framework of “White Revolution 2.0”.

5.2.1 Technological Layer

Data is the foundation of any industry, and technologies rely on it. Based on the findings, The researchers classified the technologies
into three categories: (a) data collection and generation technologies, (b) data storage and processing technologies, and (c) data analysis
technologies. These technologies are critical in information generation to plan and control complex operational activities temporally
and spatially. IoT devices play an essential role in this regard. Handling the enormous amount of data created by IoT is difficult but
essential to achieve strategic decision support. BD is essential in handling and managing these complex data sets (Lokhorst et al. 2019).
This dimension indicates the linkage between existing 14.0 technologies and dairy operations related to external factors and dairy
domains. The literature suggests that the increment in the adoption of technological solutions, such as technologies for data collection,

processing, and analysis, has increased in the past few years; however, the industry still lacks in implementing an integrated system to

use technologies to their maximum potential.
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5.2.2 External Factors

The second dimension shows modified external factors into three categories: industry, environment, and consumer, influencing White
Revolution 2.0. The industrial dimension is related to the need for proper infrastructure, cost, lack of coordination between dairy
stakeholders, and other challenges associated with adopting 14.0 technologies. Government policies related to 14.0 technologies are also
impactful factors. The environmental dimension includes the effects of 14.0 adoption in the dairy industry. Accordingly, the main factors
are wastage, carbon footprints, and related sustainability issues. The consumer dimension relates to consumers' awareness of food safety
and security, the importance of a transparent supply chain, and health concerns. Consumers demand a transparent system with safe and
hygienic food. The evolution in external factors directly creates the need to adapt and evolve with time by employing cutting-edge
solutions to address the challenges. The third dimension is divided into human factors, dairy tasks, and domains. The first part, human
factors, indicates the acceptability of technological interventions by the workforce in different dimensions. Then comes the dairy tasks
from farm-to-fork activities. Automation in production, real-time monitoring in processing, handling, and packaging in inventory,
transportation in distribution, and traceability during the complete process are some essential tasks in the dairy industry (Bag et al. 2021;
Khanna et al. 2022). Many benefits of robotics are undeniable, including increased security, reliability, and productivity. The dairy
industry is labor-intensive, leading to high labor costs (Clay et al., 2019). Optimizing productivity and lowering labor expenses will
have a substantial impact on revenue. Much human labor in the dairy and food industries requires quick, repeated, and monotonous
action, resulting in poor work satisfaction (Ahmad Nayik 2015). As a result, there is insufficient product quality management and a high
rate of workplace accidents. Robotics can perform tasks with improved precision, accuracy, and shorter timeframes than humans
(Rodenburg 2017; Sain and Singh 2020). Factors in the domains section are just different segments of the dairy industry where 14.0

technologies play a crucial role.

5.2.3 Applications of 14.0

The application of 14.0 in the dairy industry mainly focuses on optimization in operational activities. The objectives of White Revolution
2.0 can be structured according to the dimensions of the modified framework, which are (a) safety and security, which deals with
adulteration issues, making the supply chain traceable and transparent (Khanna et al. 2022); (b) optimization, which includes
sustainability, waste management, cost, profit and reduction in carbon emission (Malik et al. 2022); (c¢) Quality, which deals with
monitoring the processing and making more hygienic and safe products (Sain and Singh 2020); (d) the dimension digitalization
introduces the central concept of White Revolution 2.0 into the dairy industry. Automation using 14.0 technologies is part of this
dimension. Some examples, such as commercial food production, now frequently employ extrusion-based methods; however, these
processes typically generate excessive heat to integrate delicate ingredients like milk safely. To get around this problem, the researchers
identified ways to modify the rheological composition of milk powder, resulting in a new variety of edible inks rather than rethinking
the printing process. The Singaporean team used their innovative dairy-based 3D printing components to create a wide range of
delectable, suggesting that future culinary breakthroughs are possible (Hati and Khamrui 2018). Data analytics-based decision-making
in animal welfare, milk production, and demand forecasting are potential benefits observed from implementing 14.0 technologies (Zhang
et al. 2021). Findings indicate that White Revolution 2.0 will enhance the existing solutions, such as automated milking and loT-based
systems for data collection. This concept will improve the quality of the products and services to meet consumers' demands. The
researchers also highlighted the need for more infrastructural and regulatory norms. Some challenges, such as lack of knowledge,
training, and physical capabilities, were discussed from a human perspective. Thus, The researchers propose potential future research

pathways to resolve these issues and promote the White Revolution 2.0 vision.

6. Discussion
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Even though the conceptual framework presented in this paper gives insights into White Revolution 2.0, the literature lacks certain
features defined in the conceptual framework of White Revolution 2.0. Consequently, prospects are highlighted based on the framework:
Regarding external trends, only a few studies explore these driving factors in a structured manner. Therefore, a more extensive
investigation of the impacts of motivating factors could help comprehend the requirements, e.g., demographic shifts and an aging
workforce (McDonald et al. 2016). The influence of demographic shifts reflects on the technological adoption and implementation
decisions. Shifts in demographics significantly influence technology implementation in the dairy, influencing consumer demands and
organizational operating practices. Comprehending these changes is vital for synchronizing technology progress with changing customer
demands and worker behavior (Malik et al. 2023). Many other factors, such as an aging workforce, consumer demands, market
dynamics, social factors, and regulatory aspects, may impact the proposed concept. On a technological level, the dominance of the [oT
in research is established. The literature indicates that the Internet of Things is demonstrating advancements in technological context
from research aspects. In addition, further investigation is necessary to expand our understanding of technologies such as blockchain,
augmented reality, virtual reality, etc., and incorporate disruptive technologies (Akbar et al. 2020).

Regarding technical acceptability, additional research could shed light on the successful aspects of implementation. Even though several
technologies are discussed in the literature, economic evaluations are limited. Thus, it is difficult for businesses to evaluate the economic
impact of new technologies, although future studies could provide valuable suggestions in this regard. In addition to dairy-related
activities, automation of the production and welfare of animal aspects appears most frequently in the literature. Some studies also
highlighted the role of technologies such as BD in decision-making related to many aspects such as nutrition, illness, mortality, life
expectancy, milk production, demands, etc. (Michie et al. 2020; Roh et al. 2021).

At the same time, information management handling, decentralized traceability, management of waste, and decreased carbon
footprints are less studied. In the evolution of White Revolution 2.0, which is not yet covered in the research, the impact of shifting
activities could affect the organizational design, as some positions may become less important, and others would gain relevance.
Therefore, the evolving organizational structures within the White Revolution 2.0 systems must be studied. Current production system
interconnections and responses could be an exciting research area. From the perspective of experts, this may also necessitate significant
planning and organization techniques. Providing a set of methodological tools to ensure systematic execution appears to be beneficial.
The dairy industry's security and safety in the context of traceability are neglected in the research. These should be explored more
deeply, particularly in decentralized systems and economic and business perspectives. Human Factors were the subject of only a few
research studies, such as technological acceptability models. Although stated in numerous situations throughout the articles, the human-
centred perspective was not extensively developed. Therefore, even though some technological possibilities are beneficial for easing
human workload, human capabilities are pushed to fit the system rather than systems being altered to accommodate humans (Augustin
et al. 2013).

A system design approach to these difficulties could show how White Revolution 2.0 incorporates human-centered perspective.
This is consistent with labor scarcity, demographic shifts, and their effects on logistical systems. However, the literature could not
explore these interrelationships in detail. From a methodological standpoint, it became clear that most contributions are conceptual or
theoretical, supporting the conclusion that White Revolution 2.0 is a relatively new field of study. Consequently, empirical validation
of the theoretical contributions is required. Mixed method approaches would be advantageous for gaining insights into a theoretically

grounded and empirically confirmed image of reality (Cabrera and Fadul-Pacheco 2021).

6.1 Theoretical Implications of the White Revolution 2.0
Many researchers discussed the applications part of digital technologies, but the majority of the research was focused on segmented

dairy areas. Research on various aspects such as quality, traceability, and environmental impacts can be addressed using the
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technological integration concept, leading to supply chain optimization and transparency. The authors provided an overview of digital
technologies, their applications in several dairy operations, and the challenges associated with implementing these technologies, which
will open the gates for future research in every aspect of dairy from top to bottom. The proposed concept, “White Revolution 2.0,
provides theoretical and practical implications that considerably improve understanding and managerial decisions in the dairy industry.
The conceptual implications of the current research contribute to the collection of information on Industry 4.0 by outlining the adoption
of technological innovations in the dairy industry. To promote an expanded awareness of the potentially transformative impact of
Industry 4.0 technologies, it shows a theoretical framework highlighting the potential advantages and challenges of implementing them
in the dairy industry context. Research on integrated technological advancements in the dairy industry is still lacking, but this study
presents an integrated overview. Overall, the study adds to theoretical knowledge and provides helpful information to the dairy industry

for the effective and beneficial adoption of Industry 4.0 technologies beneath the optimistic structure of White Revolution 2.0.

6.2 Practical Implications of the White Revolution 2.0

The dairy industry faces several challenges in adopting innovative technologies to enhance operational efficiency. Integrating innovative
technologies, developing alternate methods, and formulating strategies from an administrative and business perspective are appropriate
options for addressing these obstacles. The proposed framework can serve as a roadmap to implement the various digital technologies
and integrate the dairy operations with dairy stakeholders. On a practical level, the study encompasses significant implications for
decision-makers and stakeholders in the dairy industry. The analysis assists in smart decision-making that could correlate with
organizational goals by providing information on the practical application of Industry 4.0 technologies. The identified challenges are a
foundation for risk minimization and backup strategies in the digital evolution. The key advantages, such as operational optimization,
enhanced product quality, and supply chain transparency, offer tangible possibilities for stakeholders to boost productivity, product
competitiveness, and customer trust. Additionally, this study promotes innovation and competitive advantage, encouraging dairy
organizations to consider creative supply chain approaches. Collaboration is encouraged among dairy industry players and technologists,
resulting in customized solutions and productive associations. Policymakers can use findings from the research to design guidelines that
promote technological adoption while complying with standards set by the industry. Based on the literature findings and proposed
concept, the following could help researchers, industrial management, and policymakers to create an efficient and effective dairy
industry:

The need of the hour is the research focused on developing practical frameworks and models for industries to implement effectively.
A strategic collaboration between academia and industry could help to validate the research and develop effective and timely solutions.
The industry’s participation in innovation outreach programs to address the challenges would be much appreciated.

Government authorities and policymakers’ support for adequate funding, infrastructural and skill development programs, and modified

regulations, especially in the technological context, is the need of the hour for the dairy industry.

. Conclusion

The dairy industry faced many difficulties during the pandemic, such as a lack of labor, problems in production and processing, logistics,
and many other disruptions. Industry 4.0 technologies are essential in managing the dairy supply chain operations. This study examined
the potential uses of digital technologies and how such technologies can contribute to a digital revolution in the dairy industry. The
researchers categorized the literature findings and proposed a conceptual framework. Based on the literature analysis, the term White
Revolution 2.0 is proposed. The primary research pathways and strategies of White Revolution 2.0 systems are discussed. The review
provides an overview of the current level of research in the direction of the proposed concept of White Revolution 2.0. The study is
based on the theory that the proposed framework is a vital component of the future perspective in the dairy industry. This review

provides insight into opportunities to improve the dairy system by incorporating 14.0 technology and providing innovative solutions.
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Furthermore, this work highlights the significance of human factors, external variables, and technology adoption in dairy supply chain
operations in the evolution of White Revolution 2.0. Based on the discussion, new prospects are outlined, indicating the need for a
digital revolution in the current dairy system. The White Revolution 2.0 could help address many challenges in the dairy industry
through an integrative approach. The proposed concept integrates emerging technologies in the dairy industry to establish a
technological linkage between all segments and stakeholders associated with the dairy industry. This review paves the way for future
technological innovations that can be developed and integrated to enhance the dairy structure in the context of optimization, quality,
safety and security, and digitalization. Thus, this review encourages the diffusion of knowledge. The concept of White Revolution 2.0
can be the first step towards integrated digitalization in the Indian dairy industry. Future research can use the proposed concept as a
foundation to explore any component of the dairy industry.

In addition, unconsidered technology and applications can be studied as potential new market offerings. In food industry research, the
term “4.0” is widely accepted. However, dairy could have used it more consistently. Although there is a growing body of scholarly
research on 14.0, the dairy industry must be thoroughly studied. This evaluation may serve as a foundation for interlinking operations
in the digital dairy system, and its purpose is to promote future study in this area. The term White Revolution 2.0 is proposed based on
the current status of the dairy industry in a technological intervention context. The digital revolution is not limited to the proposed
concept; it could offer many more improvements. If another movement emerges after the White Revolution, it should focus on quality,
the factors discussed in the proposed conceptual framework, and production capacity. The researchers proposed the concept for the
complete dairy segment for technological interventions, and White Revolution 2.0 addressed all the farm-to-fork activities. The
proposed term “White Revolution 2.0” has been coined only to address the digital revolution in the dairy industry here. Although the
‘White Revolution’ was a game changer movement in India, White Revolution 2.0 is not only limited to the Indian context; it can be
generalized globally. The global dairy industry needs digitalization to integrate complete dairy operations, as development has no

boundaries.
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