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Abstract 
Dairy along with its related foods, as well as agricultural activities, are the chief source of income for almost 

50% of people, especially those who live in villages. The raw material from the farm is directly supplied to 

industries for conversion into value-based goods. There are many thermal as well as non-thermal techniques 

available to make the work more efficient and also convert traditional knowledge with modern innovations and 

advancements. Presently, it emphasis automation in the dairy, food, and agriculture sectors for enhancing 

efficiency, quality control, and safety of food production with the use of robotics, artificial intelligence (AI), and 

nanotechnology while addressing the strains and challenges for the implementation of these technologies, 

particularly in underdeveloped and developing regions like India. Furthermore, the review also focuses on the 

digital technology‘s potency for enhanced sustainability goals through the supply chain optimizations, food 

safety enhancements, and shelf-life extension of the products through innovative packaging solutions. Although 

the challenges continue, integration of such technologies offers promising paths to create a comparatively more 

sustainable and equitable environmental system, focusing on the time- and cost-saving research, development, 

and innovation in these areas. 
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Introduction 

 Sustainability is the act of supporting a 

process without depleting the resources over time; it 

can be achieved through improving the work pattern, 

changing habits of lifestyle, innovations through 

research, reducing the pollution and pollutants, 

especially plastics, and incorporating and combining 

the traditional knowledge, system, and practices as 

well as thoughts with recent technologies 

(Ruschitskaaya et al., 2024). Food is the main source 

of energy as well as a basic need of all the people for 

survival in the cosmos. Along with this, milk and milk 

products are popular everywhere due to their 

uniqueness and good nutritional value. Dairy, food, 

and agriculture sectors are the backbone of the Indian 

economy because more than 50% of the population 

depends on these sectors as the source of earnings. 

Moreover, they contribute about 22% to the GDP of 

India. Even in the COVID-19 era, these sectors play an 

important role in maintaining the economy along with 

livelihood at the global level (Singh and Rani, 2024). 

Day-by-day changes in the climatic pattern along with 

depletion of resources are the two main challenges for 

the newer and cost-efficient technologies. 

Advancement in science, innovative solutions in 

combating environmental issues, transforming 

industries, and reshaping lifestyles have become the 

requisites for a sustainable future (Jaraweh et al., 

2023). Ohmic heating (OH), pulsed electric field 

(PEF), infrared radiation (near, mid, and far), 

microwave, ultrasound, pasteurisation, 

homogenisation, hurdle technique, high hydrostatic 

pressure (HHP), sterilisation, ultrahigh temperature 

treatment (UHT), ozonisation, carboxylation, 

packaging (edible, active, modified, and controlled 

atmospheric), filtration (micro, ultra, nano, reverse 

osmosis, diafiltration, and electrodialysis), spun fibre 

technology (SPT), extrusion, hydroponics, greenhouse 
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technology, etc. are some of the most commonly used 

thermal and non-thermal techniques in the dairy, food, 

and agricultural sectors (Rani et al., 2019; Hill, 2024; 

Abd et al., 2025). However, researchers are focusing 

on some newer techniques along with making the older 

technologies more user-friendly, time-saving, cost-

effective, and easily available for everyone. This 

review article delves into some of the most recent 

technologies concerning the dairy, food, and 

agriculture sectors (robotics, nano, and digital 

technologies) driving sustainability along with the 

possibility to generate a greener and more equitable 

environment throughout the globe. 

1. Robotics: 

 Robotics is among the most fascinating 

concepts useful in the dairy and food industries to raise 

work efficiency, cut down the cost and the number of 

labourers, improve good manufacturing practices, 

increase hygiene as well as laboratory practices (GMP, 

GHP, GLP), diminish quality issues, reduce the 

demand for vehicles for transport, enhance safety in all 

processing steps, and cater to the boosting of food 

choice and demand (Henchion et al., 2022). 

Automation or mechanization in the dairy industry has 

changed the way of milk production and processing, 

improving the milk and milk products lineaments, 

including lifestyle of milch animals. A robot is an 

electromechanical device (human or animal shaped) 

that is well programmed to take commands like a 

computer (Alam et al., 2025). In general, robotics is a 

technology in which robots work as per the instructions 

or command given, with immediate action to complete 

the task without self-thinking capability. Its efficiency 

and speed can be controlled or depend on the 

processors or sensors installed in it (Alam et al., 2025). 

The present era is marked by the use of this advanced 

featured technology. Many hotels and food industries 

are using this technology worldwide, but in India it is 

in the developing phase due to the high availability of 

low-cost labour as well as lack of knowledge along 

with, most often, some religious issues. There may be 

some difficulties in this process, including lack of 

suitable or highly efficient sensors and software, low 

profit margins, and batch and/or continuous operations 

demand, along with equipment initiation not used in 

these processes (Hailu, 2023). 

Challenges and their prevention in robotics: 

Some of the major challenges in this technology are 

 Differences in the design, morphology, weight, 

and position of the studied object so that the 

normal robot or old sensors cannot complete the 

given task; hence, intelligent sensors and the 

latest version of software are required. 

 The handling Objects are most likely fragile and 

covered by viscous and slippery materials due to 

which proper care becomes an issue while 

working at high speed. 

 Consumer safety, quality control and hygienic are 

main issues for human health.  

 These challenges have been modernized in the 

latest version of robotic machines. Among food 

and dairy sector most of the systems are either 

insulated or batch-type operation handling targets 

particular jobs. To make mechanization 

successful, these should be introduced into all 

things considered in the manufacturing process, 

providing continuous online control capability. 

However, this pattern is now more dynamic due 

to the high rate of automation in dairy operations 

(Espinoza-Sandoval et al., 2024). 

Robotics for Quality Control in agriculture and allied 

sectors 

 The dairy and food industries are extremely 

competitive production units but share relatively small 

robotic participation compared to the automotive 

industry since there is large variability in their size, 

shapes, and conformation posing prime difficulty to 

derivate individual dealing techniques (Patel, 2023). 

Commercially, robots are widely used at the last stage 

of most of the working lines in these industries, like 

grading, packaging of food products, their 

transportation, palletizing, handling hot trays in meat, 

dairy, and baking units, etc. The ranking robot system 

had made several outcomes, such as labour 

replacement and human bias free automated evaluation 

mechanism (Alam et al., 2025). A fruit harvesting 

robot had been developed for data accumulation and 

traceability to guide farmers and producers in Japan‘s 

precision farming system, that generally use green 

house and small fields for crop production, with an 

end-processing for the fragile and delicate mushrooms 

reaping (Kaleem et al., 2023). An evaluation technique 

through robots had been introduced to harvest 

deciduous fruits e.g. apples, peaches and pears. The 

developed technique picks up the fruit automatically 

from large vessels and checks the fruits from all sides 

(Kaleem et al., 2023). 

 India‘s first mechanized dairy plant 

(1,000,000 liters per day milk handling capability) had 

been established at Gandhinagar, Ahmedabad 

(Gujarat), and they may use robotics in the future for 

increasing its efficiency. Dairy and food manufacturing 
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units are more labour-intensive, as in some cases the 

labour cost is estimated to be more than 50% of the 

value of the prepared item. Reduced labour cost and 

enhanced productivity would thus create substantial hit 

on net productivity and profitability (Meshram et al., 

2018). 

 According to the statistics of the International 

Federation of Robotics (IFR), 178,132 industrial robots 

had been traded globally in year 2013, in which 3.5% 

were only from the culinary and brewing industry 

(DLG-Expert report, 2015). In 2015, 240,000 robots 

were sold, revealing their 8% annul universal growth. 

Approximately 1.3 million new industrial robots have 

been supposed to be deployed during 2015-2018. The 

data reveals the extent of usage of robots with the 

progression of time. Food, dairy and other related units 

use robots for numerous uses to enhance the potential 

and reduce the work area (Zongwei, 2015) along with 

their cost-effectiveness. Food processing sectors 

recorded a 25% increase in productivity using robots. 

However, the rate of performance changes in separate 

food sectors. Recently, various types of robots had 

been put into functioning for different aspects in food 

industries (Prasad, 2017). Originally the use of robots 

was confined to food packaging and palletizing in most 

of the industries including dairy, brewing and food 

industries. The ‗Flex Picker‘ (a robot) 1998 put a 

revolution in the food sector being the world‘s fastest 

pick-and-place robot at the first place. These pickers 

always demonstrate clear selections for expertly-

validated, quality assured products (Prasad, 2017). 

‗SCARA‘ (selective compliance assembly robot arm) 

robots for pick and place along with ‗spider‘ robots 

used for rapid selection and positioning light weight 

objects are some of the examples of commercial robots 

popular in various industries. SCARA are stationary or 

horizontally localized projecting robots having similar 

movements as that of human hand. They have proved 

perfectly suitable for the automated operations due to 

their efficient and continuous reliable packaging, 

palletizing, cargo handling. ‗Delta‘ or parallel link 

robotics are used in modern-day robotics and 

engineered for rapid performance of lightweight 

products and require less maintenance through the 

elimination of intricate wiring and avoiding multi-axis 

configurations. Line to line robotic techniques are 

developed in some of the food manufacturing 

practices. These provide faster rate for transferring 

food products, both packed and loose, through 

manufacturer lines (Weijie and Lihong, 2019). 

Emerging hurdles and growth prospects of research 

and development (R&D) in robotics 

 Nowadays, the Cyber Physical System (CPS) 

concept is applied in dairy as well as food and 

agricultural sectors. For connecting the universe to the 

visible, Cyber Physical System is a multidisciplinary 

approach domain that works on the basics of the 

Internet of Things (IoT), discovering possible ways to 

streamline the end-to-end supply chain in the dairy and 

food processing sectors. The CPS concept can be 

applied to accomplish a broad state for surety in safe 

food procedures (Smetana et al., 2020). It can be used 

in the agricultural sector for substantial strike in the 

time ahead. In the broader strategic timeline, 

manufacturing cum supply chains bears evidence of the 

act of ‗intelligent food labeling system‘ providing in-

depth perception for the origin of food (Cui, 2021). 

Moreover, future CPS will be beneficial using cloud 

robotic systems in agricultural sectors. 

2. Digital Technologies for Sustainability 

 At present, digitalization and sustainability are 

the best themes for practitioners and policymakers. 

Researchers are working on their fundamental 

interaction and have been attentive in their 

positiveness. Though all digitalization does not 

contribute for the formation of sustainable measure, 

many times digitalization hastens expenditure and 

differences aggravating development practices which 

could promote the biophysical limits (Gebresenbet et 

al., 2023). The German Advisory Council on Global 

Change discourages about the risk of upcoming digital 

technology time in their cover report (WBGU, 2019), 

although the Rome Club advocated that president of 

the European Union must ensure the exponential 

application, digitalization, and AI optimization for the 

planet‘s sustainability and prosperity through low-

carbon content and a socially just, well-orientated 

circular society in an open letter (Kulkov et al., 2024). 

Historically, although a triple lens perspective had 

been applied to view sustainability (i.e., economic, 

environmental and social sustainability). With the aid 

of the digitalization some of the world‘s most pressing 

environmental problems can be solved efficiently and 

easily, e.g. reduction in global greenhouse affects 

resource diminution and immiserization. Smart and 

efficient algorithms, interconnected gimmicks and big 

data aid in the acknowledgment of supply chains, 

integrating resources- and maximizing energy 

efficiencies, and accelerate the dispersal of innovative 

cum sustainable solutions (Xu et al., 2024). Even 

though, digitally integrated work styles, pervasive e-
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business, and the shared economic system raising new 

difficulties casting uncertain sustainability measures 

made through digital economy, i.e., enhanced energy 

consumption and unequal resource utilization for 

hardware production (Limpamont et al., 2024). 

Challenges and the Road Ahead 

 While technology offers immense potential 

for a sustainable future, challenges remain. High initial 

costs, lack of infrastructure, and societal resistance 

hinder its widespread adoption. Additionally, ethical 

concerns about certain technologies, such as climate 

engineering and AI, require robust governance 

frameworks (Limpamont et al., 2024). However, by 

fostering innovation, encouraging public-private 

partnerships, and promoting education and awareness, 

we can leverage technology to create a future where 

economic growth harmonises with environmental 

stewardship (Cheng et al., 2023). 

3. Nanotechnology (NT) 

 It is defined as the stream of science and 

technology related to planning, production, and their 

applications in blueprint construction, techniques, and 

conditions controlled at the sub-molecular and particle 

level, possessing at least a single element of 100 nm 

(1.0 × 10-8 millimeters) or less. Nowadays it is used at 

nuclear, subatomic and supramolecular scale and 

primarily centers on the Nano-sized materials, devices 

and processes (Andres-Seijo et al., 2024). In the field 

dairy, food and agriculture, nanotechnology comes up 

with important applications, includes advance 

packaging solutions, nano-particulate transfer systems, 

ensuring food & dairy safety and increasing biosecurity 

measures (Kiran et al., 2024; Kumarmath, 2024). 

Different kinds of Nano-devices could be fortified into 

edible items to enclose latest functionalities, such as 

nanoparticles, Nano-liposomes and Nano-emulsions. 

Unique characteristics of nanoparticles provide 

opportunities for research and innovation in dairy and 

other related sectors (Perumal et al., 2019). Recently, 

NT is being used in the packaging industry, equipment 

design, and different substances, hence performing a 

crucial role in transmuting various industrial prospects 

(Sahoo et al., 2021). Additionally, nanotechnology is 

revolutionizing plant hygiene with precise disease 

management, pathogen detection aiding environmental 

safety across various systems. Plays a significant role 

in enhancing overall hygiene practices, particularly in 

plant sanitization (Mohammad et al., 2022). It can be 

used in bioactive compounds, functional and 

nutraceutical preparations, as well as pharmaceuticals 

(Aguilar-Pérez et al., 2023). The shelf life of a food 

item is significantly impacted by nature of product and 

its formulation process, the type of packaging and 

material properties, processing conditions, storage, and 

dissemination techniques (Balasubramanian et al., 

2023). Microbiological contamination is common on 

the outer food surface, admitting oily and other related 

products. Thus, biodegradable packaging demonstrates 

to be a useful tool for prolonging life expectancy of 

various edible products. The integration of NT into the 

dairy as well as various food industries is thought to 

integrate a breakthrough change. Nano-devices are 

used in preparation of ultra-edge quality as well as 

protected and trustable dairy and food items, and in the 

making of newer packaging materials with 

substantially better barrier calibres (Malik et al., 2023). 

Nanomaterial 

 Nano-materials can be prepared following two 

fundamental techniques: the top-down and the bottom-

up approaches (Alsaiari et al., 2023). The ―hierarchical 

strategy‖ includes changing Nano-scale materials with 

the help of sketching, lithography and treating cycles 

(Mohammad et al., 2022). Self-gathering and/or self-

association are captivating modern thoughts which 

modernizes food NT on a top degree. 

Classification patterns for Nano-materials in milk 

Industry 

 Different types of Nano-formulations are 

utilized in the dairy sector for different intensions. 

These Nano-formulations are marketed in either in the 

form of solutions or the powder form, excreting 

different (chemical and physical) properties at the 

Nano-size equated to their micron sized competitors 

having identical chemical compositions. The 

nanomaterial‘s can be categories on the basis of their 

particle size, configurations and characteristics. This 

categorization results in categories such as Nano-

capsules, Nano-clays and nanoparticle etc. (Alsaiari et 

al., 2023). 

Conclusion  

 The addition of robotics in food and dairy 

technology marks a move towards extra efficient, 

sustainable, and hygienic produce. Whereas the 

challenges are remaining, continuous advancements in 

artificial intelligence (AI) and robotics combined with 

supportive rules and funds are paving the way for their 

extensive adsorption. By addressing world food 

consumption and encouraging sustainability, robotics 

has the probability to transform the technique we 

develop, process, and certify, protecting a healthy 

upcoming future for all. Robotics, artificial 

intelligence, and nanotechnology are playing an 
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important role in food and dairy industries, addressing 

challenges in safety, quality, and sustainability. 

Although worries about the security, safety, and costs 

continue, current study and novelty promise to solve 

its occupied potential, following rules, regulations, and 

purchaser instructions. Nanotechnology can 

meaningfully contribute to developing a healthier, 

improved, and extra sustainable world food system. 

The addition of AI and nanotechnology is used to 

redefine the food and dairy manufacturing companies, 

contributing solutions for quality, safety, and 

sustainability. Thus, emerging techniques and ongoing 

research on the development of new and cost-effective 

technologies will be better for providing sustainability. 
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