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The three most attention attractions from the food industry are nutritional 

value, food quality, and processing methods. Subsequently, the food 

industry is experiencing growing pressure from consumers who are 

demanding foods that are of high quality, excellent taste, and long shelf life. 

Advanced applications in the food industry are today carried out using deep 

learning, AI, and ML algorithms. Ideally, as technology in AI and ML 

continues to improve, dealing with drifting issues that surround food 

processing has become easier. Circular economy-based models help 

maintain resources within the system by utilizing one of the 10 R processes: 

A few of these include: Recycle, Rethink, Remanufacture, Repurpose, 

Recover, Refurbish, Refuse, Reuse, Repair, and Reduce. A more efficient 

supply chain management system is needed to increase food packaging, 

shelf life and food safety. This article highlights some of the ways AI and ML 

are being used in food processing and preservation, including in logistics 

management, the baking industry, food, dairy and fruit processing, meat 

production, and the preservation of food processing tools. 
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1. Introduction 

It is interesting to note that the food industry is undergoing significant changes with the integration of 

artificial intelligence (AI) and machine learning (ML). These technologies are being applied through robots and 

automated systems to enhance the quality of processed foods. AI is relatively a new focus of research and 

innovation across various domains, including food and nutrition, quality control, science, engineering, 

medicine, marketing and supply chain management. Smart innovation and an increased emphasis on research 

in artificial intelligence have become essential due to the major developments spurred by the Fourth Industrial 

Revolution, particularly through advancements in AI [1]. Estimates suggest that by 2050, the global population 

will range between 9 and 10 billion, requiring a 60% to 110% increase in food production to meet demand [2–

4]. 

The world must pursue sustainable agriculture and improve methods of delivering food to overcome food 

security challenges and combat hunger. In this context, production challenges and food safety remain 

significant concerns. Food safety crises, such as bovine spongiform encephalopathy and the dioxin 
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contamination of poultry, were catastrophic events that highlighted the importance of adequate and efficient 

traceability systems in the supply chain [5,6]. The latest smart traceability systems can promote transparency, 

optimize recall operation, and build consumer trust. The role of the food industry extends beyond processing 

and packaging to enhancing the quality of food available in the market. AI in food processing includes the use 

of big data and analytics to manage processing equipment management, leveraging recipe information, and 

employing sensors and machine learning for real-time quality control [7–9]; (Fig. 1). For example, in bakery and 

dairy products, AI is used to improve and maintain production quality, while in fruit and vegetable processing, 

AI is applied sorting, grading, and ensuring quality standards are met [10–14]. Similarly, precision farming 

systems, which include smart agricultural tools, are supported by satellites, IoT, and machine learning models 

to reduce input usage, minimize environmental impact, and increases yield [15,16]. The impact of AI in these 

systems enhances input efficiency, reduces environmental strain, and improves productivity [17–19]. These 

technologies play a crucial role in addressing the challenges of sustainable food production while the circular 

economy principle of minimizing waste and promoting efficient resource use [20–25]. In the future, AI and 

related technologies are expected to be key drivers of sustainable development and essential in the fight against 

hunger as global population grows [1,26].   

 

Fig. 1. Artificial Intelligence Sectors 

The global food industry faces an inevitable surge in demand due to the increase in the world population 

[27]. Industry 4.0, recognized as the fourth industrial revolution in manufacturing,  is fostered and powered by 

the latest and fastest technologies, including smart drones, 3D printing, sensors, and smart robots in the food 

industry [28–32]. This  aligns information and digital manufacturing technologies, offering new opportunities 

and approaches to proactively adapt sustainable and smart manufacturing [33,34]. AI is gaining importance in 

food processing to support the supply chain, enhance customer relations, optimize resource use, and increases 

productivity [5,35]. Some applications focus on establishing concrete methodologies to monitor product quality, 

standardize it, and offer new approaches to consumers at a lower cost [36,37]. Innovative AI based solutions, 

often in combination with deep learning (DL) concepts, have been helpful for implementing computerized 

visual inspections, fault recognition and predictive maintenace thus providing improved reliability and 

effectiveness of production systems [38].  

Production methologies, such as material handling systems and production scheduling, are also 

experiencing major changes through AI-based techniques [8,39,40]. Real time data analysis, supported by AI, 

cyber-physical systems, and Internet of Things (IoT) enables industries make the right decisions. These systems 

operate in a smart environment where real-time interaction is achievable, large amounts of data can be 

processed, and seamless integration between sensors, operators, and machines is facilitated [41]. Industry 4.0 

represents the integration of key manufacturing functions into a cohesive network, resulting in better resource 

utilization, reduced waste, lower energy consumption, and improved adaptability and output [42,43]. 
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The success of Artificial Intelligence (AI) integration within the Nordic food processing sector is 

characterized by its precise application toward sustainability and operational efficiency, driven by the region's 

high technical standards. Key successes leverage Machine Learning (ML) and computer vision systems to 

automate and optimize resource-intensive stages. For instance, ML algorithms are deployed for predictive 

maintenance of complex processing lines, effectively minimizing unexpected downtime and maximizing asset 

utilization, while advanced computer vision systems perform real-time quality grading and defect detection in 

products like fish and dairy, leading to reduced material loss and enhanced compliance. While the region's 

overall AI adoption pace may be measured, its achievements are rooted in a strategic, data-centric approach 

focused on creating resilient, traceable, and highly efficient food systems that adhere to strict Nordic and EU 

environmental protocols. 

Converting operations, of course, solves most of the obstacles of the food industry. The future of the food 

manufacturing lies in the application of DL, ML, and AI systems for automation and better data control [7]. AI 

ensure compliance with objectives, industry standards, and food safety and quality assurance, as well as the 

effectiveness and solidity of processes, thus reducing their costs [44–46]. Self-driving technologies and  AI based 

systems offers several advantages to the agri-food supply chain, including lower dependency on human labor, 

faster problem-solving, improved staff training, fewer human induced errors, and improved decision making. 

These technologies provide efficient, optimal real-time approaches to solving crucial operational issues, thereby 

enhancing the sustainability of the sector [47–49]. Therefore, the incorporation of the two technologies-AI and 

ML- into the food and agri-food sectors should be considered a paradigm shift. Addressing major concerns 

related to food safety, quality, and production efficiency, while introducing the concept of a smarter food chain. 

2. AI in the Food Industry 

AI and ML, which have emerged in recent years, are increasingly recognized for their broad range of 

applications in solving various issues. These technologies have been applied in areas such as modeling, 

classification, and data analysis.  It is particularly suitable for handling complex data, enhancing relationships, 

and analyzing information from processes like gas chromatography, high-performance liquid chromatography, 

mass spectrometry, pyrolysis, etc. [50]. Some AI systems are designed for RNA and DNA sequence 

identification, protein structure analysis, biomass characterization, determining shelf life of food products, 

predicting the growth of microbes, and identifying microbes, among other applications [51]. Additionally, the 

integration of fuzzy logic and genetic algorithms, is making its way into food processing and engineering, 

helping to improve system performance, particularly neural networks [52–54]. 

AI has shown significant potential in enhancing food quality and has made substantial contribution to 

advancements in food science and processing. Cleanliness is a critical priority in the food sector, maintained 

through Clean-In-Place (CIP) Clean-Out-of-Place (COP) systems. AI plays a key role in optimizing these 

systems, with a self-optimizing version known as SOCIP (Self-Optimizing Clean-in-Place) now being 

implemented to ensure efficient cleaning [55,56]. Due to the ever- increasing population, shrinking arable land, 

climate change, and pollution, food production often fails to meet the demands of the global population [57,58]. 

These challenges have significant impact on human health, the environment, and nutritional status with over 

six billion people still experiencing malnutrition. To address these challenges and ensure the long-term 

effectiveness of goals and objectives, various strategies/approaches are necessary. These include reducing 

vulnerabilities that lead to food insecurity, increasing and diversifying dietary nutrient intake, and adopting 

sustainable practices for the limited natural resources in Agriculture (Fig. 2).  
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Fig. 2. Food Industry Challenges 

2.1 Dairy Processing 

Milk products are transported in milk trucks from various production centers to processing plants. Upon 

arrival at the plant, the milk undergoes pasteurization, a crucial step in preventing bacterial growth and 

extending shelf life [59]. Pasteurization also helps protect the milk from harmful microorganisms. The optimal 

pH for milk is 6.7; when the pH drops below this level, milk spoils more quickly. Preservation techniques, such 

as refrigeration are commonly used to maintain the freshness of milk. Refrigeration units are typically located 

at milk collection and help direct milk-laded trucks to collection centers, reducing the risk of spoilage. To further 

address this challenge, the integration of wireless sensor networks (WSNs) with artificial intelligence (AI) can 

enhance monitoring and quality management of milk throughout the supply chain [60,61] Table 1. AI is also 

being employed in the milking process itself [62–64]. Traditionally, milking cows required significant time and 

effort, but the process can now be expedited using Automated Milking Systems (AMS), also known as milking 

robots [65,66] Table 2.   

Table 1 Digital driven technologies in food processing applications 

Intelligent 

systems 

Food applications Technology used References 

AI-Guided 

Enzyme 

Engineering for 

Food Processing 

Pumpkin seed 

proteins were broken down 

into smaller pieces using AI 

and enzymes to produce a 

flavor similar to chicken.  

The enzymes 

contributed to the release of 

umami-boosting substances 

(GMP and IMP) and essential 

amino acids (like glutamate), 

which give food a savory 

flavor. 

[67] 

AI-Powered 

Microbial 

Fermentation 

Optimization 

Milk permeate was 

integrated to improve its 

functionality and optimized 

sesame milk extraction using 

artificial neural networks 

(ANN). While permeate (5:1 

Permeate integration 

and AI-driven optimization 

are two promising strategies 

for creating premium plant-

based milk substitutes.  

 

[68] 
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ratio) increased nutrition, 

taste, and probiotic potential, 

ANN increased total solids 

yield (95.18%). 

 

Deep Learning 

for Food Safety 

& Contaminant 

Detection 

Automating the 

detection of fecal 

contamination on meat 

carcasses using fluorescence 

imaging and deep learning 

 

U-Net accurately 

segmented fecal residues 

(IoU 89.34%), while 

EfficientNet-B0 detected 

contaminated areas with 

97.32% accuracy. These 

results lend support to the 

use of AI-driven detection 

for better HACCP 

compliance and meat 

processing. 

[69] 

AI-Based 

Protein 

Structuring in 

Novel Food 

Development 

Artificial intelligence 

(AI)-powered tools support 

experimental techniques such 

as mass spectrometry, NMR, 

and X-ray crystallography 

while enhancing predictions 

for oligomers, membrane 

proteins, and intrinsically 

disordered proteins (IDPs). 

 

Deep learning 

models powered by artificial 

intelligence (AI), particularly 

AlphaFold2 (AF2) and 

RoseTTaFold (RF), for 

predicting protein structures. 

To forecast 3D protein 

conformations, these models 

make use of neural networks, 

multiple sequence 

alignments (MSAs), and 

attention-based architectures.  

 

[70] 

Predictive 

Maintenance in 

Food Processing 

Equipment 

Real-time machine 

data is gathered by sensors 

and Internet of Things devices, 

which then send it to cloud-

based systems for analysis 

using machine learning 

algorithms to forecast 

malfunctions. To help prevent 

contamination and improve 

equipment efficiency, a variety 

of sensors track temperature, 

humidity, vibration, oil spray, 

and power consumption. 

 

Combining IoT, AI-

driven predictive 

maintenance, and smart 

technologies in food 

processing machinery 

 

[71] 

AI-Optimized 

Spray Drying & 

Encapsulation 

Technologies 

Multi-layer perceptron 

networks (MLPN) are used to 

optimize the spray drying 

processes of fruits and 

vegetables. During convection 

and spray drying, AI improves 

prediction, classification, and 

quality control, increasing 

Color, texture, moisture 

content, air temperature, and 

drying time are important 

drying parameters that affect 

yield and the quality of the 

finished product. A viable 

substitute for process 

optimization and longer 

[72] 
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productivity, lowering costs, 

and producing higher-quality 

products. 

 

shelf life is AI-driven drying 

technology.  

 

AI-Driven 3D 

Food Printing & 

Material 

Extrusion 

Optimization 

AI-enhanced 3D food printing 

technique that combines 

simultaneous infrared heating 

and extrusion-based printing 

to increase food safety and 

quality. This method solves 

problems like shape retention, 

ink modification, and 

microbial contamination by 

enabling in-line, quick cooking 

of starch-based foods using 

noncontact graphene heaters.  

 

AI improves the creation of 

food patterns, and 

microstructure analysis and 

heat transfer simulations 

maximize process 

effectiveness. By increasing 

the possibilities for creating 

personalized, useful food, 

this integrative method 

advances the use of heating-

based 3D printing in the food 

sector. 

 

[73] 

Machine 

Learning for 

Pasteurization 

Control 

Fuzzy logic algorithm (a 

nonlinear solver engine, 

polynomial mixture modeling, 

and a modified Takagi-Sugeno 

approach) for mixed fruit 

beverage formulation 

optimization. 

 

Pasteurization conditions 

were established using 

kinetic modeling and 

thermal pulse inactivation, 

which preserved essential 

nutrients while guaranteeing 

microbial and enzyme 

stability. 

 

[74] 

AI-Driven Smart 

Packaging & 

Shelf-Life 

Prediction 

AI-driven predictive models 

(machine learning, CNN, 

hybrid AI) combined with IoT-

enabled sensors, spectroscopy, 

and real-time monitoring to 

estimate food spoilage.  

Applications include smart 

packaging, supply chains, 

and retail inventory 

management, aiming to 

improve food security and 

waste reduction. 

[75] 

 

In addition to milking, robotic technologies are also utilized in various stages of dairy product processing. 

For instance, in cheddar cheese production, robots are employed for bundling, cutting and shaping into sizes 

that meet consumer preferences [51]. Equipped with specialized grippers, these robots can pick up blocks of 

cheese and transfer them onto conveyors, where they are directed to block-forming lines [76,77]. Quality 

assessment of dairy products involves both internal and external attributes. Internal factors include texture, 

nutritional value, pesticide residues, and contamination, while external factors encompass shape, size, and 

pigmentation, color changes during storage, packaging conditions, and shelf life prediction [78]. To evaluate 

food quality, both traditional food inspectors and advanced measurement tools are used. For external quality 

assessment, various types of Computer Vision Systems (CVSs) are employed, including traditional CVSs, 

hyperspectral CVSs, and multispectral CVSs, which provide detailed insights into product quality [79].  

Table 2 ANN role in Dairy Industry [51] 

Technique 

name  

Model Name   Input 

specifications 

(Input) 

Specifications 

(Output) 

Uses Point of summary  

ANN MLR and 

Radial basiss 

Spore count 

(SC), Soluble 

Nitrogen (SN), 

Sensory (Shelf 

life) 

Coefficient of 

determination 

(R2), Mean square 

High correlation 

with MLR for 

predicting shelf 
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Yeast count 

(YC), pH,  

Mould count 

(MC), (SPC) 

error (MSE), Root 

Mean Square 

Error (RMSE),  

Nash – Sutcliffe 

coefficient (E2)  

life of processed 

cheese at 30°C. 

MLR is more 

effective than 

Radial Basis for 

predicting instant 

coffee shelf life.  

TDNN Multi-layered 

Perceptron 

Network  

SC, SN, YC, 

MC, pH, SPC. 

Sensory (Shelf 

life) 

RMSE, R2, E2, 

MSE 

Correctly 

predicted the shelf 

life of processed 

cheese for 30 days 

using both single 

and a multilayer 

perceptron 

network. 

ANN Linear Model 

and Radial 

Basis   

Texture, FFA, 

Flavor, 

Moisture, 

Aroma 

Sensory (Shelf 

life) 

R2, E2, MSE,  

RMSE 

Radial 

basis models are 

more effective 

than linear models 

in predicting the 

shelf life of 

processed cheese 

ANN General 

Regression 

Model & 

Linear layer  

pH, SC, MC, 

YC, SN , SPC 

Sensory (Shelf 

life) 

(E2), (R2), (RMSE), 

(MSE) 

The 

generalized 

regression model 

is the most 

effective compared 

to other models for 

predicting the 

shelf life. 

 

2.2 Product Sorting and Packaging 

According to the research, one of the most time-consuming and labor-intensive task in manufacturing units 

is the arranging and packing of food products. Implementing AI based system for sorting and packing can help 

to reduce errors in this process and improve production efficiency [10]. However, developing AI for sorting 

and packaging of fruits and vegetables presents challenges due to their irregular shapes, sizes and colors [80]. 

To address this, a large amount of data must be collected to ensure AI-based system performs optimally and 

without time wastage. Many research groups have attempted to address this problem with the help of various 

technologies. For instance, use of ToMRS system has proven effective, achieving an accuracy level of 90% in 

sorting tasks and thereby increasing production rates [81]. Currently, most sorting and packaging processes are 

performed by the automated systems. These systems offer several benefits, such as high production rates, 

improved yield quality, and reduced labor cost. The intelligent decision making tools and technologies used by 

AI systems include high resolution cameras, lasers, X rays and infrared spectroscopy [7]. These technologies 

assess the quality and suitability of fruits and vegetables for sorting and packaging. Some of the equipment 

commonly used in the industry includes Optical Belt Sorting Machines; Blizzard Sorting Machines; Field Potato 

Sorting Machines (FPS), which minimize sorting time for fruits, vegetables and individual meat portions [82] 

Fig. 3.  
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Fig. 3. Image Processing proposed system for quality detection of 

fruits by using ANN 

Apart from the sorting and packaging, AI and robotics are adopted for most of the food processing and 

production functions because they do not compromise on hygiene [83]. In this regard, robots are less likely to 

transport hazardous bacteria or diseases in comparison to humans working in the food industry. A technavio’s 

report reveals that, an average, three out of every ten food industries are likely to use robots in the near future, 

as government policies encourage this shift [84]. Additionally, new approaches in AI technologies are being 

developed in food safety and reduce food-borne illnesses. Two next-geberation AI technologies are being 

developed in the food safety domain:Next Generation Sequencing (NGS) and Electrical Nose technologies. 

Because, NGS enables the simultaneous detection of multiple pathogens in food sample, lab testing for food 

contamination is now faster and far more effective than  conventional testing methods in food testing 

laboratories [85–87]. Likewise, electrical nose technology acts as an analytical tool that mimics olfaction, 

allowing it to identify chemical odors during food processing and in laboratories (Bonah et al., 2020). Each of 

these technologies plays a key role in ensuring that even a single impurity is detected and then removed before 

being incorporated into the food processing system.  

2.3 Decision-Making System for Customers 

Technology, particularly AI, is now playing a crucial role not only in creating new flavors in the food 

industry but also in advising customers on which foods are best suited to their tastes and preferences. AI is 

revolutionizing customer experience by providing specific food products that suit a customer’s preferences, as 

well as introducing new flavors [88]. The use of AI in consumer decision making is also on the rise, helping 

brands to create a portfolio that meets individual preferences which is vital for innovation. One good example 

is the Bear-Naked-Custom that Kellogg launched in 2018 where consumers were allowed to select from more 

than 50 ingredients [89]. Customer data, including preferences and tastes are tracked within the system to 

provide relevant recommendations [90].The insights gained from this type of data collection are particularly   

important for food companies as they helps define the direction of creating new products and unique concepts 

that meet specific consumer needs [91]. In addition, through the information collected from consumers, AI-

driven platforms can make decisions that are constantly changing, providing companies real-time information 

so they can update their product offerings to match new consumer preferences and introduce relevant new 

products seamlessly [92]. As AI technologies evolve, these systems will become even more intelligent, offering 

a better understanding of consumer behavior and enabling more precise food product customization [93]. 
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Therefore, AI is not only transforming how flavors are created but also providing brands with the tools to better 

understand their customer base and remain relevant in a world where consumers are increasingly attuned to 

personalized experiences. 

2.4 Baking Industry  

The use of technology has been adopted in most companies and organizations, and the baking business is 

no exception [94]. Technological advancement is brewing in the baking industry as the consumers demand 

specialty products in entrepreneurship. While, artisanal products may seem to go against the trends of 

automation, however, automation can prove quite advantageous to bakeries, giving them a competitive edge 

in the marketplace.  It has also been evidenced that various sorts of processes in various large scale production 

lines can greatly be benefitted with the help of AI driven systems. Another clear benefit of AI in cake making 

business is the production capability where the business can produce more cakes [95]. The use of artificial 

intelligent machines can produce higher volumes of production, more efficiently than human operators. Self-

timing machines, production rotators, and programmable systems help ensure consistent product quality [96]. 

In bread production there are several processes involved, some of which require the addition of living 

microorganisms, such as yeast, into the dough. Failing in any of the stages can have a significant effect on the 

final bread produced [97]. Computerization and automated control systems (ACS) in bakeries help achieve 

greater profitability and improved product quality [98]. By adding sensors, bakeries can track and manage 

important characteristics such as rheological properties of dough and/or of sourdough, lift force, active acid, 

temperature, humidity, and dough weight that will lead to higher consistency [99]. These intelligent systems 

support managerial decision-making by integrating sensor data, databases, and expert systems, with the added 

benefit of flexibility in operational modes. In the bakery industry, quality sensors that measure food quality 

convert responses to food attributes to electrical signal [100]. For instance, microstructure characteristics such 

as the size and shape of bread loaf porosity can be observed through camera while examining the interior of a 

loaf [101]. Data obtained from these devices can be analyzed in real time hence enables enhancement of 

monitoring of bakery products consequently enhancing their efficiency and quality as stated by [102]. Due to 

AI’s help aids and automation these processes have become more efficient in handling the increasing demand 

for bakery products while maintaining the quality of the baked goods.  

2.5 AI in the Beverage industry 

The beverage industry include companies that manufacture non-alcoholic beverages including coca cola, 

juices, thumbs up, milk, Miranda, carbonated water, soft drinks, beer, wine, spirits and other alcoholic drinks 

[84]. In brewing, yeast is introduced to aerated word initiating of the fermentation process. The yeast feeds on 

sugar in the wort, on which it metabolizes to perform the process of brewing. Certain conditions, such as 

temperature, oxygen content and pitching rate should be kept keenly monitored throughout the fermentation 

process for proper production. The quality of fermentation is affected by yeast health and composition of the 

wort. Brewing beer can be time consuming and inefficient using traditional methods. However with the 

integration of AI and other technological advancement, the brewing is can be continuously observed and run 

making the final product much more standardized and  superior in quality. Previously, changes and 

adjustments may be done manually, but with help of AI most of these tasks can be done much faster, 

minimizing the chances of human error [103]. In modern brewing, AI and sensor employed during quality 

control systems (CVS) which consist of cameras, light, and computers. These systems capture high-resolution 

digital images of the exterior of the beer to assess its clarity and color and carbonation level [84]. Additionally, 

these captured images can be compiled with qualitative data by AI-enabled systems to process and analyzed 

the results in real-time. This enables brewers to make precise and accurate decisions about production quality 

and its consistency through digitization [104,105]. AI has introduced changes and improvement in formulas, 

manufacturing methods, and product quality, as well as facilitating expansion into new markets. 

2.6 Food safety  

Sensors combined with AI and ML techniques such as FL or ANNs, are revolutionizing real-time food 

safety detections. To improve the accuracy and speed at which food safety issues are detected, various sensor 

technologies are being used such as electronic tongues, electronic noses, CVS and NIRS [106,107]. These 

technologies are often integrated to enhance the detection accuracy, which enables early detection of 

contamination or spoilage (Fig. 4 and Fig. 5).  
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Fig. 4. Machine Learning and Deep Learning based Adulteration 

detection Techniques [108] 

 

Fig. 5. An architectural perspective of E-Tongue & E-Nose [108] 

Machine learning techniques apply to sensor data, enabling predictive data analysis based on the large data 

sets obtained [109]. These validated predictive markers help food producers to anticipate conflicts in the 

production process, to minimizing risks related to food safety [110,111]. An electronic nose (E-nose) is an 

apparatus that has resemblance to the olfactory system and comprises a number of chemical sensors used to 

identify both simple and composite smells. It is more accurate than other types of detectors because it is able to 

identify even slight variations in the quality of food by detecting volatile compounds [112]. Similarly, the 

electronic tongue (E-tongue) function like E-nose but it sense taste-related parameters, such as bitterness, 

sweetness or acidity. Both the E-nose and E-tongue are readily capable of specific elemental or molecular 

recognition of the hazardous organic or inorganic material, offer greater efficiency compared to conventional 

testing methods. Another AI technology steadily gaining traction in food industry is Next generation 

sequencing (NGS) [113]. Chemical analysis from NGS helps food producers quickly identify potential microbial 

intrusion or other quality threat providing a faster alternative to traditional microbiological approaches [114]. 

Novel food testing methods, such as DNA-based technique, can improve the efficiencies of laboratories, as they 

distinct from conventional testing modes. In food production, electrical nose increases safety by providing real-

time identification of contaminants or spoilage indicators, while productivity and product quality [115] Fig. 6. 
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Fig. 6. IoT based methods and electronic adulteration detection 

2.7 Launching new product  

The introduction of new products into any production unit requires a considerable and cumbersome 

process. In food industry, success of a new product greatly depends on the consumer’s interest [116]. For a new 

product, it is necessary to get some information about customers and their decision-making through various 

decision systems [117]. Such data has been instrumental when it comes to decision making of new product 

development and the overall product launch strategies through the application of artificial intelligence and 

machine learning algorithms [118]. AI supports essential inquiries, for example “What do customers want?” by 

analysis of the consumer database, AI can identify trends and predict demand in specific markets [119]. 

Machine learning helps to process large amounts of consumer’s data and make decisions as quickly as 

consumers can approve them. With the aid of AI, the decision making process has become easier, while also 

improve the accuracy of predictions, thus helping to launch products successfully in the market [49,92]. In 

todays the food industry, AI and other advancements in the field of machine learning are effectively applied to 

new product creation and market development [120]. AI systems are also capable of identifying consumer’s 

sentiment or a current trend that would enable companies to make the right decisions when it comes to product 

formulations, packaging and even marketing strategies [121]. Unlike the conventional approach that relied on 

case analysis or surveys with relatively low efficiency, AI and ML provide much more accurate and innovative 

approaches for introduce the food products to the market [113]. 

2.8 Management of Supply chain  

Currently the most promising technologies supporting Internet of Things (IoT) in supply chains include 

Wireless Sensor Networks (WSN) and Radio Frequency Identification (RFID). The RFID system uses radio 

waves to capture and recognize entities in order to improve the way businesses conduct their operations. The 

deployment of RFID and WSN enhances warehouse operations and management, enhancing productivity 

[122,123]. RFID systems enable real-time monitoring of the flow and status of goods within the supply chain, 

as a result increasing its efficiency and productivity.  

Wireless sensor technology, also known as sensors play crucial role in data acquisition, monitoring and 

measurement across various applications [124]. These sensors allow uninterrupted continuous monitoring of 

the products, from their creation all through to delivery, thus increasing resource use efficiency, and reducing 

losses. When integrating into such systems, inventory, pricing, and demand measurement can be controlled 

and optimized, supporting more efficient operations [125]. 

Properly utilizing AI is of paramount importance for supply chain management, particularly for activities 

such as forecasting, inventory management, and continuous controlling and monitoring of goods throughout 

their supply chain lifecycle [125–127]. Other systems such as Symphony Retail’s AI-powered technology, offer 

real-time benefits for the transportation bookings, billing, and inventory management, helping to shorten the 

decision-making and operational timeliness [128].  

2.9 Meat Processing  
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AI is becoming central to implementing adaptable response in meat processing and production lines, which 

differ from one carcass and suboptimal cut to another [129]. AI can be applied to a number of aspects of food 

processing that require intelligent decision-making such as determining which subprimals need sorting, or 

which portions of the meat need to be trimmed of surface fat. AI has certainly improve decision-making in 

automated production systems, ensuring  that production meets required standards, and the right products get 

delivered to the right customer [130–132]. Through intelligent systems, quality control is more easily achieved, 

ensuring that only high-quality products are marketed to consumer.  

In meat processing, three main factors namely, spoilage, contamination and quality can cause significant 

issues for the safety and quality of meat products [133]. Conventional approaches to identifying spoilage or 

contamination, such as immunological and nucleic acid techniques, are lengthy and cumbersome processes 

[134]. As a result, AI and machine learning algorithms are slowly incorporated into food safety approaches to 

improve identification outcomes. Recent developments have focused more on biochemical methods, including 

biosensors, electronic noses, and infrared spectroscopy combined with artificial neural networks (ANNs) and 

genetic algorithms [135]. These AI-driven techniques provide quicker, contactless, and more precise ways of 

identifying/detecting spoilage and contamination, leading to quicker results and reducing the risk of foodborne 

illness.  

3. Challenges of AI in Food Production and Supply Chain 

AI has also demonstrated a lot of promise in various sub-sectors of food production, addressing issues such 

as crop management, food waste and supply chain distribution [136]. Cameras and drones within AI systems 

are used to monitor variations on water and fertilizer use, increase crop production, and identify threats which 

then triggers an alarm [8,137–141]. Moreover, AI helps to reduce food wastage across all production fields by 

ensuring accurate item tracking and evaluation of nutritional value particularly in the restaurant and food 

services industries [142]. However, developing such reliable AI systems for these applications is not without its 

challenges. 

Private label food producers face one major concern, measuring the nanomaterials present in food to ensure 

safety and compliance with current food laws [143,144]. Further development in this area is crucial to 

understanding the potential risks and benefits of nanomaterials in food [145,146]. Despite these challenges, 

there is latent potential for cost-effective and efficient fruit harvesting in suboptimal environments, for example, 

by robotization to replace costly manual labor [147–149]. However, the key challenges remain in the effective 

use of machine learning algorithms and sensors under dynamic conditions [150,151]. 

 In supply chain management, the information technology has been widely involved in managing varying 

demands, food hygiene requirement, and potential future needs [152,153]. Even though AI has proven to 

significantly enhance the functionality of numerous supply chain processes, it remain challenging to implement 

these technologies in certain areas, such as inconsistent supplies and stringently regulated food safety 

standards/norms [154,155]. Another critical issue is the predictability of food spoilage, where sensors could 

possibly minimize food wastage and reduce the incidence of food-borne diseases. However, developing precise 

sensor technologies that can accurately detect spoilage within packaging is still in the experimental stages and 

a long way from widespread application [156–159].  

4. Conclusion 

Currently, artificial intelligence is primarily used at the basic level in the food industry, with key application 

in waste management, sanitation, and food safety. This paper has highlighted that the deployment of AI is 

poised to expand its influence in the food processing industry, resulting in better and cost-effective production 

in line with the broader health goal of individuals, communities and societies. Pressure on food and agriculture 

elements is increasing due to factors such as population growth, climate changes, depletion of the natural 

resources, and advance in technology, all of which calls for the use of digital technologies. With AI, use of 

machine learning tools, sensors, satellite data and automation, these technologies should be used right from the 

farm gate to the consumer’s table. For instance, these technologies can significantly improve crop surveillance, 

mechanization of farm equipment, and tracking of agro-food commodities ensuring efficient food production 

lines and supply chain, particularly in agricultural foods. AI algorithms, in particular, are already 

demonstrating great potential in increasing the efficiency of food processing and enhancing the quality of the 
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final product. In this study, the application of AI in the agricultural supply chain shows its capability/ability to 

tackle/address existing issues and its diversification into food processing technologies. In a bid to increase the 

efficiency and effectiveness of food production and processing, it is expected that AI and other related 

technologies will become integrated throughout the food value chain. It is now increasingly important to 

understand how this shift will positively impact productivity and promote sustainable and healthy food to feed 

the growing global population.  
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