Artificial Intelligence in Food Industry

Introduction
The food industry is a significant sector dealing with our basic need – food. From packaging to food production, industries employ various technological devices to keep up with their daily tasks. Thanks to technology and the importance of the food industry, this sector has evolved in every aspect in terms of quality, efficiency and speed. The way it emerged from a comparatively slower industry has made the food industry and its development quite commendable. The daily tasks in the industry range from separating food ingredients to packaging them in order to deliver them to their customers. This requires technical support at every step. As increasingly automated processes have emerged in the industry, regulation of the industry has become more efficient. However, doing away with manual work entirely is impossible, as technicians and quality managers need to assess the production process at every step. This makes us curious about how different technologies such as AI, machine learning or big data analytics can be used in the food industry. Many scientists have argued that the full replacement of humans by machines could lead to a catastrophe that could eventually push humans into starvation. However, years of experience has only shown that machines and automated equipment can significantly improve the way the industry works.
 “As it is in many industries, artificial intelligence (AI) is making huge waves in the world of food and beverage. More and more organizations within the industry are recognizing the potential of AI to drive greater efficiency and profits, reduce wastage and provide protection against supply chain disruptions. “
- Growth of AI in Industrial Sector 

This wave of transformation can be observed in the upcoming segment, which deals with the applications and possible uses of AI in the food industry.

What is Artificial Intelligence

Artificial intelligence is a field of computer science. It demonstrates or models human intelligence in machines. It is also a process to make machines think intelligently. AI is developed by studying human behaviour and thought processes. It considers how people learn, make decisions, and work together to solve a problem. The findings of these numerous studies serve as a basis. It is then used to develop related intelligent software and systems.
 Artificial Intelligence in Food Industry
Artificial intelligence will play a crucial role in the food production of the future. Companies in the food and beverage industry are rapidly adopting the technology. The aim is to improve operational and logistical efficiency and to meet customer requirements. In order to maintain great empathy with their audience, the leading players in the industry have embraced artificial intelligence. For many industries, artificial intelligence and machine learning technologies offer multiple opportunities. AI helps streamline and automate processes, save money and eliminate human error. Restaurants, bars, coffee shops and food manufacturers can benefit from AI and machine learning. These two areas provide many common use cases for AI in the food industry.

Applications of Artificial Intelligence in the Food Industry
· Sorting packages and products 
· Maintaining food safety
· Keeping clean
· Designing products
· Helping customers make decisions
Food processing is a demanding industry. This includes sorting food or raw materials from the farm and maintaining machines and various equipment. Finally, when the final product is ready for shipment, it is checked for quality and determined if it is ready for shipment. However, AI is automating this process in many food processing plants. The top five uses of artificial intelligence are listed below. These have a direct impact on food processing companies. These processes help businesses generate revenue and improve customer experience.
Sorting Packages and Products

The sorting of raw materials is the first operational difficulty that food processing companies face. Each potato, tomato, orange and apple is unique and requires careful sorting. Every food processing company has to maintain a certain level of quality in order to be competitive. This process requires a lot of human effort if not automated by AI and other new technologies like IoT. According to TOMRA, by the end of the 20th century, people sorted 90% of food. TOMRA is a major provider of sorting and collection software solutions. It's in Norway. TOMRA uses X-ray, NIR (near infrared) spectroscopy, LASER and cameras. It combines this technology with a unique machine learning algorithm. This algorithm examines numerous characteristics of a fruit or vegetable for the sorting. It differs from the existing food sorting robots, which only separate poor quality fruits and vegetables from good ones. A Japanese food processing company, Kewpie Corporation, has developed an AI-based machine. It detects irregularities in agricultural products. Companies like TORMA and Kewpie support the food industry. This helps to increase their sales while improving yields.

Maintaining food safety
Safety is a significant issue in the food industry. Even the smallest contamination in food can be deadly. Factories have started using AI-based cameras to detect whether an employee is dressing appropriately or not. However, it is a large-scale application of what the Shanghai Municipal Health Department has been doing in Shanghai restaurants. The agency has installed AI-enabled cameras in more than 200 restaurants. An expansion to more than 2000 branches is planned together with Remark Holding. The AI-supported cameras support the restaurant management in keeping an eye on their employees. This is to determine if they are wearing appropriate food protection equipment in accordance with food safety regulations. It also helps them detect any form of indiscipline in real time.

Keeping Clean
Cleanliness is a significant concern in food processing plants. Many companies claim to be clean because all their processes are automated and unaffected by human intervention. What happens when machines and devices become contaminated? Customers have also evolved and understand that just because a process is automated, the product does not automatically mean consumable. The University of Nottingham has found that equipment cleaning uses over 30% of the energy and water in a food processing plant. They estimate that their AI-based sensor system can save nearly $133 million per year. This also reduces cleaning time by 50%. It also reduces electricity and water consumption. Conventional cleaning systems lacked sensors. This led to the presence of food debris in the device containers. The old system couldn't remove the smallest bits of food, but the new self-optimizing cleaning system could. It provides data to the machine learning algorithm. Optical fluorescence imaging and ultrasonic sensor technologies are used for this. This also helps in monitoring microbiological waste and food particles in the equipment.

Designing Products
The food processing industry is unique in that a single company can manufacture a wide range of products. For example, Coca-Cola has purchased over 500 brands and offers its customers over 3500 different drinks. But the question is how the company chooses which flavor to make next. Before adopting AI, the company conducted surveys and advertising to learn more about its consumers' preferences. Coca-Cola currently maintains a number of self-service beverage fountains. These beverage fountains allow consumers to create their own custom drink by mixing a selection of Coca-Cola liquids. Thousands of these fountains have been installed across the United States. At each of these fountains, hundreds of consumers created their own drinks. They also investigated using artificial intelligence. It has been noted that most customers mix cherry-flavored cola with Sprite. Coca-Cola used this information to develop Cherry Sprite, a new product.

Helping customers make decisions
AI helps customers, like food processors, make smarter purchasing decisions. Kelloggs is the world's largest food company. The company launched Bear Naked Custom, which allowed customers to create their own unique granola using more than 50 ingredients. The system used IBM's boss Watson. Chef Watson stores hundreds of possible recipes. These recipes are then fed into an AI algorithm. This helped users figure out if the items would go well together. This technology helped customers to produce small batches of personalized cereals. It also helped the company define its next product line, comparable to Coca-Cola. Although artificial intelligence is still in its infancy, it is transforming the food processing and handling industry. It will completely transform the food processing and handling sector in the years to come. AI will also help these companies increase their sales by accelerating the manufacturing process. AI will help reduce maintenance time and thus reduce production downtime. By automating almost all operations, the risk of failure is also reduced. AI will also play an important role in delivering a great customer experience by anticipating their likes, dislikes and desires.
Trend Analysis

The very first use of AI in the food industry is that it helps FMCG companies to analyse the prevailing customer requirements and desires. Based on big data analysis and machine learning models, AI can gain useful insights into customer needs and wants that lead to product development. This stage is very important as companies need to choose a product that is most likely to be successful in the consumer market. AI is the force of change that gives companies the confidence to launch a specific product with different characteristics. With the technique of trend analysis, food companies can efficiently meet customer needs and properly target the right audience in the market.

Efficient Speed

One of the biggest advantages of AI in the food industry is that it induces a fast process in the production process. Unlike the old days when people had to do all the processes by hand, the food industry experienced numerous breakdowns and a slow rate of production throughout the year. However, with the advent of AI and automated machines, machines can quickly achieve better results and produce more products at once. This in turn benefits the commercial buildings and generates more sales.

“By using such types of systems, industries gained some advantages such as faster production rate, high-quality yielding, and labor cost cutting.”
- AI in Speedy Production 


Quality Checking

Quality Checking Another tedious task that used to be done by humans is quality checking. The food industry is all about quality and meeting the right standards set by regulatory bodies. However, in the mass production of food and products, quality can rarely be compromised and ignored. However, this is not a disadvantage if the production process is carried out in compliance with AI-supported machines. However, AI algorithms and tools can be trained and adjusted to check various parameters to ensure quality. This particular task can also be completed with minimal error, since machines only accept a certain quality.

Controlled cultivation 
Although the cultivation process is not exclusively part of the food industry, it still has a major impact on the end product and its quality. Cultivation requires the cultivation of food crops in order to subsequently use them in the production process. Due to weather changes and changing conditions, crop failures can sometimes occur, resulting in poor yield quality. This can be managed and controlled through controlled cultivation. By using AI in food science and technology, controlled cultivation can be carried out. This results in a controlled quality specified by the farmer to prevent crop damage under controlled environmental conditions.

Smart Sensors

How would you feel if you could get an alert or notification every time a machine went down? Satisfying, isn't it? With the help of intelligent, AI-controlled sensors, the food industry and its processes can be monitored and controlled in a timely manner. From the first to the last stage of manufacturing and packaging the finished product, intelligent sensors monitor 24/7 to report when something is wrong or anything unusual happens. This can refer to anything, including quality issues or power cuts. The use of AI in the food industry in terms of smart sensors in particular is a boon for all food industries as they not only help in detecting unusual activities but also defeat the idea of ​​quality inspectors throughout the production chain.

Investigative Exploration

Mistakes in investigative exploration are inevitable in any industry. Whether in the food industry or in a clothing factory, problems can arise at any time. However, it is possible that the causes of these deficiencies are unknown. With the help of AI, food industries can investigate such cases and explore the hidden reasons for any mishaps. By examining past datasets and evaluating them, AI applications can conduct investigative investigations and deliver results quickly. This saves a lot of time devoting resources to other processes and leaving no stone unturned.


Segregation

One of the most important steps when starting out in food production is food separation. Separating and sorting of food ingredients is necessary for an efficient and organized production process. In the past, the separation used to involve people who did this task manually. On the contrary, bespoke machines powered by AI algorithms are used today to separate food materials that are later mixed to make products. The task of segregation has historically been a time-consuming process. Nowadays, however, this requires less time and less effort, which has resulted in significant resource savings in the industries that deal with food production.

Tracking Food Supply Chain

Have you ever wondered how tracking a courier is done? Even if you've been doing it for a while, artificial intelligence introduced this technology long before anyone knew about it. Similar to tracking a courier or a package, food companies can track the supply chain to ensure their raw materials are going in the right direction and at the right speed. Raw materials are often displaced or shipped to other locations. This can significantly affect the production process and delay the final result. From packaging materials to production ingredients, food manufacturers can now track food supply chains using custom AI applications and portals.

Automated Packaging 
As we approach the final part of the production process, we need to discuss how AI has transformed the packaging process in the food industry. Today's automated machines know the exact quantities to dispense into the packing bin and take less than a quarter of a minute to pack a row of items. However, automated packaging machines are another major benefit that AI has brought to the industry. With the help of fast and efficient machines, packaging has become much smoother and faster.

Predictive Management 
Predictive analytics using AI technologies in the industry cannot be ignored when discussing their impact. For a long time, the food industry suffered huge losses simply because it was unaware of the future consequences of certain practices. From crop failures to power outages, the food industry can be impacted in a variety of ways. To prevent such crises, predictive analytics helps the food industry to use predictive measures to predict possible outcomes. This has helped many of these industries prepare for otherwise unforeseen circumstances. The power of predictive analytics can bring a lot to the food industry as it has the ability to anticipate and predict numerous possible situations.

Exploring the Benefits of AI in the Food Industry
The food industry is constantly evolving and the integration of artificial intelligence (AI) has brought about significant changes in the industry. AI offers a solution to many challenges faced by the food industry, including food safety, sustainability and waste reduction. AI technology has enabled these issues to be addressed more efficiently, resulting in better customer and business experiences.

AI-Driven Customer Service

One of the most significant ways AI is transforming the food industry is in customer service. Many companies now use chatbots, automated systems to answer inquiries and place orders. Operating 24/7, these call assistants significantly reduce waiting times, thereby improving customer satisfaction. They can also learn while interacting with users, which allows them to more effectively provide customer information and solutions. AI-driven customer service has enabled companies to give customers personalized recommendations based on their previous orders and preferences. This has resulted in an improved customer experience as customers feel their needs are being met more efficiently and effectively.

Menu personalization and AI
AI can also help personalize menus based on dietary preferences, restrictions, and past order dates. With this technology, menus are tailored to customers' needs, enhancing the dining experience. This also reduces food waste as customers are more likely to order what they like and are more likely to finish their meals. Additionally, AI-powered menu personalization has enabled restaurants to offer more diverse and comprehensive options to customers with specific dietary needs. This has created a richer and more inviting dining experience for all customers.

Efficient Inventory Management
AI technology can help track and manage inventory more efficiently. It can predict demand and reorder supplies when needed, reducing food spoilage and waste. This improves the profitability of restaurants as they can adjust supply and demand accordingly. Additionally, AI-powered inventory management has enabled businesses to reduce their carbon footprint by minimizing food waste. This has led to a more sustainable and environmentally friendly approach in the food industry.

AI-powered marketing strategies 
AI can help marketers personalize advertising and promotional campaigns to target specific audiences. This makes advertising more efficient and through targeted addressing stronger customer relationships can be established. Businesses can also use AI to analyze social media interactions and customer feedback to make informed decisions about future promotions and campaigns. AI-powered marketing strategies have enabled companies to reach wider audiences and improve their brand image. This has resulted in increased customer retention and loyalty.

Automated Food Preparation and Delivery

AI has revolutionized the way food is prepared and delivered. Robots can prepare food and drink, reducing human error and ensuring consistent portion and taste. This technology can also reduce preparation and delivery time, improving the customer experience. With AI-powered food preparation and delivery, businesses can provide customers with more efficient and convenient service. This has resulted in higher customer satisfaction and loyalty. AI has brought about significant changes in the food industry, enabling companies to offer a better experience to their customers and themselves. With the integration of AI technology, the food industry has become more efficient, sustainable and customer-centric, resulting in a more enjoyable and inclusive dining experience for everyone.

AI and Food Safety

Food safety is a critical issue for the food industry and AI can help regulate this issue. AI can help monitor food production and distribution, detect contamination, and prevent disease outbreaks. By analyzing data, potential dangers can be predicted and measures to contain them can be offered. Among other things, AI can contribute to food safety by monitoring the temperature of food during transport. Temperature control is critical to food safety, as bacteria can quickly multiply in food that is not stored at the correct temperature. AI sensors can be placed in food transport vehicles to monitor temperature and alert drivers when there is a deviation from the recommended temperature range. This can help prevent food spoilage and contamination and ensure food is safe for consumers. Another way AI can contribute to food safety is by detecting contaminants in food. AI can analyse images of food samples and detect any anomalies or foreign objects that may be present. This can help identify contaminated food before it reaches the consumer, preventing the spread of foodborne illness. In addition, AI can help identify the source of contamination, allowing for a more targeted response and faster problem resolution. AI can also help with food safety by predicting potential hazards. By analysing data related to food production and distribution, AI can identify patterns and trends that may indicate a potential hazard. Suppose there is a sudden increase in the number of cases of a particular foodborne illness. In this case, the AI ​​can analyse the data to identify the source of the outbreak and recommend measures to prevent further spread. This can help prevent disease outbreaks and ensure consumer safety.  AI has the potential to revolutionize the food industry by improving food safety. By monitoring temperature, detecting contaminants and predicting potential hazards, AI can help ensure food is safe for consumers. As AI technology advances, it is likely to play an even bigger role in ensuring food safety.

Challenges and Ethical Considerations 

While AI offers numerous benefits, there are some ethical considerations to consider. Many are concerned about the impact of AI on the job market as automation reduces the need for human labor. One of the biggest challenges of AI is the displacement of jobs. It is predicted that as AI technology advances, many jobs will become automated over time, which will significantly reduce the need for human labor. This could lead to an increase in unemployment rates, particularly among low-skilled workers who may need the skills needed to transition into a new job. Governments and businesses must work together to address these challenges and find ways to reskill and reskill workers for new job opportunities. In addition, there are legitimate concerns about the impact of AI on privacy and data protection. Companies must ensure appropriate data protection measures and transparency when implementing AI systems. Privacy is a big concern when it comes to AI. AI systems rely heavily on data; Businesses need to ensure they collect and use data in an ethical and transparent manner. This includes obtaining the appropriate consent from the individual prior to the collection of their data and ensuring that the data is stored and used securely. Organizations must also be transparent about how they use the data and allow individuals to control it. Another ethical issue related to AI is the potential for bias. AI systems are only as unbiased as the data they are trained on; If the data is skewed, the AI ​​system is skewed too. This could lead to unintended results and possibly damage the brand. Organizations should make significant efforts to use unbiased data and regularly assess their AI systems for bias as part of their regular assessment process once those systems are implemented.

AI and sustainability
The food industry is one of the largest resource consumers in the world. AI can help drive sustainability practices by reducing food waste and optimizing resource allocation. AI can predict demand and adjust production accordingly to reduce environmental impact.

 AI-Driven Food Waste Reduction: A Greener Future. 
Food waste is a significant social, economic and environmental problem. AI-driven food waste reduction solutions optimize supply chains by forecasting demand and managing inventory in real-time. In addition, AI can track the expiry date and help companies implement effective waste reduction measures. One of the biggest challenges for the food industry is the amount of waste generated throughout the supply chain. In the United States alone, it is estimated that up to 40% of all food produced is wasted. This waste represents a significant economic loss and contributes to greenhouse gas emissions and other environmental impacts.
AI-driven food waste reduction solutions can help mitigate these issues by providing real-time data on inventory levels, forecast demand, and expiration dates. By analysing this data, AI algorithms can help optimize supply chains, reduce waste and promote sustainability practices. For example, AI can help identify patterns in consumer behaviour, such as seasonal fluctuations in demand for certain products. By analysing this data, companies can adjust production accordingly, reducing excess inventory that goes to waste. AI can also help companies track expiration dates more effectively and ensure products are sold before they expire. This reduces waste and improves food safety as consumers are less likely to buy expired products. AI-driven solutions have the potential to revolutionize the food industry, drive sustainability practices and reduce waste throughout the supply chain. As AI technology continues to evolve, more innovative solutions are likely to emerge that will help create a greener and more sustainable future.

How AI is transforming restaurants
When we talk about AI in restaurants, we usually haven't talked about AI-powered robots or large-scale automation. Most restaurants do not have a large production requirement that would require machine intervention. AI is much more likely to be used to streamline some of the restaurant's day-to-day tasks, both front and back, and improve restaurant marketing. Here are some of the improvements brought about by this new technology.
1. Personalized menu recommendations for guests
AI may support analytics tools that provide customers with personalized recommendations based on past behavior. For example, AI-powered engines can evaluate a customer's previous orders and reviews, determine days when they might be more likely to place an order, and select events they might be interested in. This type of personalized analysis allows the AI ​​to make individual suggestions for the customer. For example, if a customer ordered only vegetarian products, the AI ​​could infer that the customer is plant-based and make recommendations that are relevant to that guest.

2. Predictive analytics for smarter forecasts

Predictive analytics allows artificial intelligence to analyze sales data, weather patterns and local events to estimate future sales. This can help take the guesswork out of forecasting, allowing chefs to create more accurate staff schedules, estimate their inventory needs, and improve their long-term financial prospects.

3. Chatbots answer questions, take orders, and make reservations. 

Today, most reservations are taken on sites like Open Table or Resy. And online orders often go through platforms like Toast or Chow. Now. AI-powered chatbots can streamline these processes on a single platform. What if instead of a complicated interface with checkboxes and customizations on an online ordering platform, what if the customer could have a simple conversation with an AI chatbot? The bot could ask any questions a server would ask, like "Would you like some fries with that?" for easy upsells. For example, Domino's Pizza uses a chatbot on Facebook Messenger to take orders and provide order updates.

4. Improved cost tracking and menu pricing 

Previously, calculating the cost of each plate was a tedious process that required spread sheets and formulas. And because the cost of ingredients can fluctuate, these tables need to be updated frequently with current costs. AI programs can make the process faster and easier. For example, xtra CHEF can easily calculate the cost of each plate and automatically update those costs based on scanned invoices from suppliers. It can also account for one-time labor costs for more time-consuming items, rather than applying the same labor percentage to the entire menu. This can give chefs a real-time view of the cost of each individual menu item so they can immediately see if their margins are shrinking.

5. AI-Integrated Inventory and Purchasing to Save Time

Inventory and purchasing are two tasks that can take up a lot of time in the kitchen. What could a chef or cook achieve if they got some of that time back? AI-integrated inventory tools can track stock levels in real-time and automatically create orders when quantities are running low. They may also be able to analyze vendor performance and pricing, allowing chefs to decide whether to keep a vendor or try a new one. With these tools, restaurants may be able to reduce costs and streamline their inventory management process.

6. Robotic Food Delivery

If you live in a big city, you may have seen a small unmanned cart whizzing down the sidewalk. These autonomous vehicles will be used to deliver groceries directly to consumers from restaurants and supermarkets. They are controlled by an AI that can learn routes and assess obstacles in their way. While this hasn't caught on on a large scale yet, we don't know what the future holds. These autonomous vehicles could help reduce the cost of third-party delivery services by eliminating the need to pay a human driver. And beyond the hospitality industry, this could have a significant impact on seniors or people with disabilities who find it difficult to run errands. A service that could deliver groceries or medicines at a low cost could make life a whole lot easier for those struggling to leave their homes. AI in the food industry is not limited to restaurants. The entire supply chain, from farming to distribution, could see significant improvements from AI tools!

7. More Efficient Food Production 

Much of the food chain is already automated, with robotic components handling repetitive tasks like sorting and packing food. These machines can be sterilized for cleanliness and can run 24/7 (minus some maintenance time). While already efficient, the addition of AI can help them do even more, such as making value judgments about the quality of products. The addition of AI can make these processes both faster and safer. AI can guide the robotic components to respond to changes or fix problems before they bring the entire manufacturing process to a halt.

8. Developing a Stronger and Safer Supply Chain

Feeding a growing population has been a focus of scientific research for centuries. At the recently founded AI Institute for Next Generation Food Systems, scientists and researchers from five leading American universities are receiving help from AI. The institute uses AI learning to engineer better food production, from breeding crops for higher yields to better farming practices to more efficient processing and distribution. One of their current projects aims to use AI to predict food safety risks at the end of the supply chain. A project like this could set off warning signs of possible contamination before consumers get sick.

9. Predicting consumer reaction to new products. 

Food manufacturers considering a new product or a new version of an existing product often need to conduct extensive market research and consumer surveys to identify trends and assess taste. What if this process could be automated with AI? The AI ​​at Gastrograph collects data on products and consumer preferences in specific markets. It then recommends product changes and predicts how the target consumer will respond. With a tool like this, manufacturers can potentially shorten the time to market for their products and create more successful products for specific audiences.

Possible uses of technology in food production include: 

· Genetically modified organisms. GMOs are inserted into a plant's genes to help it become disease-resistant and grow in areas unfavorable for production. GMOs are used in large crops such as rice, wheat and corn. 
· Drones. Drones can provide satellite imagery to monitor crop growth and target problem areas.Meat industry technology. AI is effective in poultry production as it helps identify health issues in birds based on the noises they make. AI robots can work in poultry farms to collect eggs or help with slaughtering.
· Crop monitoring. Along with the use of drones, AI can detect pests and diseases in crops. Digital apps - like AgroPestAlert, Farm Scout Pro and IPM Toolkit - can help identify pest infestations and changing soil conditions to prevent large losses.
· 3D food printers. Food printers can produce food—like pizza, snacks, and candy—faster. AI helps design the layers and structure of the food by placing one ingredient at a time. This could avoid waste as leftover ingredients can be reused.
· Food processing requires a great deal of time, efficiency and effort to produce high quality and safe food for consumers. To ensure this, food manufacturers monitor many factors such as raw materials, machines used in production, packaging, quality and much more. All of these processes require time, effort and skilled people. Some of the largest food processing companies use artificial intelligence (AI) to optimize production processes. 
· AI has changed the food industry in many ways. From predicting consumer demand to optimizing supply chain management, AI is increasing efficiency and driving innovation in the food processing industry. Using AI in the food industry can help reduce contamination in food production, leading to a better end product. Let's see how AI is revolutionizing the food industry.
· Sorting. Food sorting is a necessary step in food processing. Traditionally, sorting was done by hundreds of workers manually separating the good foods from the bad. When done manually, this process can be time-consuming and monotonous. Regardless of the skill level of the worker, there is a chance that some substandard food will slip out of sight and make its way to the consumer. However, this process can be automated using ML and AI. The best part is that AI does most of the work automatically. AI-powered food machines can accurately sort food by size, color, and weight using advanced X-ray scanners, lasers, cameras, and robots, all working together to analyze food quality and sort it according to your specific quality requirements. This speeds up the sorting process and eliminates human-made errors. 
· Food safety compliance and quality control. AI is used to improve the quality of food. For example, AI technology can analyze images of foods such as fruits and vegetables to detect flaws and imperfections. This information can be used to optimize production processes to reduce the likelihood of errors from the outset. AI can also be used to analyze data from sensors that monitor the quality of food during storage and transit, enabling early detection of issues that could impact the quality of the product. 
· AI is having a significant impact on food safety. AI-enabled cameras ensure safety compliance for food workers in food processing plants. It uses facial and object recognition software to determine if workers are following good personal hygiene practices, as required by the Food Safety Act. When the violation is detected, the screen images are extracted for review, which can be corrected in real time. AI can also analyze data from food safety inspections to identify potential risks and hazards so corrective action can be taken before harm occurs.
· Improved Cleanliness. Clean-in-Place (CIP) is an efficient and effective method of cleaning equipment, but it uses large amounts of water. The cleaning-in-place system is programmed to clean equipment in timed cycles. However, AI-supported technologies (self-optimizing clean-in-place system (SOCIP)) can measure food residues and microbial deposits on the devices and optimize the cleaning process. This results in savings in water, time and energy. 
· Predictive Maintenance. One of the applications of AI in the food industry is predictive maintenance. Predictive maintenance is a program to continuously monitor equipment and develop a performance profile that indicates when maintenance is likely to be needed. It's a step up from preventive maintenance, which involves servicing or replacing equipment on a predetermined schedule. AI can also predict when equipment is likely to fail, allowing maintenance to be performed before failure occurs.
· New product development: AI is used to develop new food products and flavors. For example, AI algorithms can analyze consumer preferences and trends to create new products that consumers are likely to like. AI can also be used to analyze the chemical makeup of food to identify new flavor combinations that are both delicious and healthy.
· Supply Chain Management. Supply chain management is a top priority for all food companies as the need for transparency increases. AI improves supply chain efficiency by monitoring food safety and testing products at every step of the supply chain to ensure compliance with industry and consumer specifications, more accurate forecasting for pricing and inventory management. AI also helps to efficiently and transparently track products from the farm to the end consumer, thereby boosting consumer confidence.

Challenges in Adopting Artificial Intelligence

Despite the numerous benefits of AI for the food industry, some challenges remain. One of the biggest challenges is the need for standardized data. While AI thrives on big data, the data in the food processing industry is often scattered and inconsistent, making it difficult for AI to make accurate predictions for analysis. AI technology requires more transparency and greater consumer involvement in decision-making. AI technology is still in its infancy; There is a need for specialized skills around collecting and analyzing data. Because it is a new technology, many companies are not willing to invest until the real value or deliverability of AI is known. Also, the cost of AI deployment is one of the biggest challenges. Although the benefits of using AI in the food processing industry are significant, the initial investment can be significant. Food processors may need help justifying the cost of implementing AI, especially if they are small or medium-sized businesses.

Future of AI

· Artificial intelligence makes the food industry more efficient and promises many more changes soon. The role of AI in the food processing industry is becoming increasingly important due to its ability to reduce waste, predict markets for products, conduct efficient and effective monitoring, improve hygiene, manage costs and increase revenue. 
· AI is transforming the food processing industry, from improving quality to improving quality control and food safety to optimizing supply chain management and new product development. We can expect major innovations in this area. While challenges remain, the benefits of using AI in the food processing industry are significant and likely to drive further innovation. Companies that leverage AI while understanding the system gaps will be able to stay ahead of the competition, reduce costs, increase efficiencies and deliver products that meet the changing needs of consumers! 
· It is estimated that protein requirements will double by 2050, feeding 10 billion people. To meet this need, the food industry needs to shift to more sustainable and efficient production methods. AI-enabled technologies can ensure much-needed efficiency, quality and safety of food systems.

Machine learning applications in hospitality 

Analytical solutions for a better customer experience. 

There are currently several applications in the foodservice space that can help predict visitor traffic at different times of the year and events, food orders and relevant stocking needs to predict the number of orders for a specific time period/date. Such applications and solutions collect past data to better target customers by examining their habits and preferences: leading to more repeat visits and orders. These are cloud big data solutions, restaurant management platforms to simplify the checkout process, and applications that allow you to connect and reserve a table in advance. 

Grocery Selling Website and Applications 

The best online service system for your food and beverage business for people who have discovered your existence through the internet or have decided to check your menu/order a takeaway online. Let's say it's an online site that gives the best recommendations/really speeds up the ordering process, or a mobile application with a handy and smart AI food system. Ecommerce is becoming more and more popular in the digital world, so forgetting about promoting your goods on the internet is a bad thing. Automated customer service and customer segmentation can greatly increase the accuracy and efficiency of administrative functions such as generating reports, placing orders, dispatching teams, and formulating new goals.

AIs for online restaurant searches

Restaurants, cafés and bars also depend on their ratings and feedback on the Internet. Today, many customers find out about their existence through Google Maps/searches. In these cases, an AI in food service solution offers to merge the data from different food delivery programs to give the user an indication of a cafe or restaurant that might suit their taste and be relevant to the location. There are also AI agents that update customers on all sales and events at their favorite restaurants via their most used platforms like Twitter or Slack. 

Voice Searches 

More and more people prefer voice search to entering data into Google address (about 27% of the population). ) voice commerce seems to be gaining in importance. Restaurants can develop tools like Amazon Alexa that allow their customers to place an order instantly without a single click. This enables you to place orders quickly and hands-free 

Self-service system

Self-service systems (point-of-sell systems) are used massively by restaurants, as long as they allow customers to control the ordering process, carefully consider their choices, and sometimes even check the number of flavors and spices put into the restaurant become court. It is believed that this technology should be available to restaurants of all sizes, not just large ones. Applications and terminals that enable self-ordering reduce customer waiting time, make orders more precise and increase the customer experience as they are highly engaging.

Innovations in robotics for the food industry

Some of the most complicated and intelligent AI-based solutions such as robotics have appeared recently, but they are only a privilege of large food companies and factories and still not available for small and medium-sized businesses. These are drones for delivering orders or robotic hands that can control many processes in food production and even cooking. However, due to the exponential increase in human talent salaries, these devices can become popular and save more costs in the long run. International convenience store chain 7-Eleven is already using drones and street boots in its delivery service, while Walmart says it will soon be using drones in warehouses. Another curious robotics implementation is the Flippy robot, which is actually two mechanical hands capable of taking fried burger patties, flipping them over and stuffing them into buns along with other burger ingredients.

Artificial Intelligence in Food Waste

Here are some ways to reduce food waste with AI: While some solutions analyze fruit maturity, others figure out which microbes could boost plant growth without the use of synthetic fertilizers. Farmers could forgo field testing, which would benefit Take advantage of AI that will significantly save money. When agricultural food supply chains use visual imaging technology, the food inspection process becomes much easier. Using AI food tracking, we can sell food before it goes to waste, more efficiently connecting farmers to restaurants or people buying food. The greatest challenge of turning these ideas into reality cannot be solved by a single company. The entire industry needs to change. It takes the entire network of partners to help ensure these changes have a significant impact on the world. This problem is receiving more and more attention worldwide. Since 2011, more and more people have been searching for “food waste” on Google:

Future application of AI in food

We already know that alongside investment in AI technology, there is also significant investment in the food manufacturing sector. For example, AI could easily predict many problems in agriculture, then people and investors could start to notice. Switzerland-based agricultural technology company Gaya has raised over $3.2 million to fund an AI project. They use drones with hyperspectral cameras that detect changes in water, fertilizer, pests and crop yields. Then the AI ​​algorithms can find potential threats and alert farmers. AI algorithms can also suggest specific actions to humans to take to get the most out of their resources. Harvest is also an interesting case of using machine learning in the analysis of satellite data on the Earth's surface. The purpose is to find places that could use help from investors or the government for improvements and thereby more food supplies. When we talk about the agribusiness in the context of the food industry, there is a lot of room for growth. In many parts of our planet, agriculture is still obsolete. The Britain’s Institution of Mechanical Engineers states that 550 billion liters of water are wasted every year in crop production. Artificial intelligence has a chance to somehow solve this problem in the future and reduce this number. A successful solution to this problem could increase food production by 60% or even more. Machine learning and AI are still in their infancy, but there will be numerous solutions to eliminate waste in food production and increase its effectiveness.

AI in Food and Beverage Statistics:

During the period 2019-2024, the food and beverage market is projected to register an annual growth rate of over 65.3%. Industry leaders are already transforming their businesses by incorporating cutting-edge technology into their processes. North America is expected to be a significant part of this explosion. The United States of America is a leading region in its region. In 2017, the United States was the second largest region of the global AI food industry market, with a 29.1% market share. North America is very well prepared for the introduction of AI and therefore has a high potential for automation, which is expected at the regional level between 2019 and 2030. According to the US Department of Agriculture, 16% of US shipment value comes from food processing plants. Increased use of artificial intelligence in the food industry of this region is inevitable as it is a low-margin, high-volume industry. Even the smallest increase in efficiency can have a significant impact on the success of the company.

Benefits of AI in Food

1. Recently, more and more companies are turning to artificial intelligence to improve supply chain management, logistics, predictive analytics, and visibility. 
2. Digitizing the supply chain ultimately increases sales and provides a better understanding of the situation. AI can analyze the enormous amounts of data beyond human capabilities.
3. Artificial intelligence helps companies reduce time to market and better deal with uncertainty. 
4.Automated sorting will definitely reduce labor cost, increase process speed and improve yield quality.

The AI ​​food industry will ultimately be better in the area of ​​safety standards. 

Here are just a few of the benefits of using AI at an independent restaurant: 

· Reduce costs: AI technology can be used to automate many simple and routine tasks (like taking reservations or entering orders at the POS). That means you spend less money on staffing your restaurant and reduce overall costs. 
· Reduce Errors: Human error is responsible for many things that can go wrong in a restaurant. For example, in a busy dining room, a waiter might misunderstand a guest's order, resulting in the guest receiving the wrong dish. When guests order through AI, there is less risk of human error. 

· Customize orders: AI gives guests more control during the checkout process. This allows them to tailor their orders (and their overall experience) to their needs.

· Improve guest service: By leveraging AI's ability to perform simple and routine tasks in your restaurant, you can empower your staff to do what they do best (and what AI can't yet): focus focus on your guests and offer them the best possible experience. With all the talk of robots taking over restaurant kitchens, there's one thing they definitely can't do yet: mimic the human touch that can make a restaurant experience so special. 

· Find New Customers: AI Technology Can Accelerate Your Restaurant's Marketing Efforts You can find out what kind of customers might love your food, connect with them, and encourage them to pay you a visit. AI can also help retain guests. Remarketing efforts can encourage them to revisit your restaurant after their visit.

AI is becoming more widespread in restaurants

In the past few years, the restaurant industry has undergone rapid changes, especially when it comes to technology. AI is one area where technology has brought about changes for restaurants straight out of a sci-fi novel. Take, for example, Flippy, the burger flipping robot at a CaliBurger location in Pasadena. Or the delivery drone that Dominos uses to place a pizza order in New Zealand. These large fast-food chains have enough capital to invest in AI technologies that come with high upfront costs. However, for the restaurant industry, this is the exception and not the rule. However, advances in technology have made AI more accessible than ever. Until now, robots that do the food prep and cooking or deliver orders to diners were still out of reach for the vast majority of restaurants. AI is being used more and more in the hospitality industry, albeit on a smaller scale, often behind the scenes.

AI in the Front-of-House

AI Answering 

Service Missed calls can have disastrous effects on a restaurant business. A recent survey by Popmenu found that a staggering 83 percent of customers will move away and look for another restaurant if they try to call and get a voicemail more than once.

That's why many restaurants are turning to technology to help them avoid missed customer calls. AI call answering technology can take messages, make reservations, add a guest to the waitlist, or even answer frequently asked questions.

This technology is similar to the AI ​​chatbots that have been circulating online for a number of years. You can handle many simple guest requests, freeing your front desk staff for on-site service and never missing guest calls.

Voice ordering: 

27 percent of all online users now use voice search, and nearly 40 percent prefer voice search to their smartphones when searching for nearby restaurants. As voice assistants become more popular - to name a few - Amazon Alexa, Google Home and Siri, the tasks they can help users accomplish have become more complex and extensive.
 
For some time now, guests have been using virtual assistants to search for restaurants. But one emerging technology that's gaining popularity is voice ordering, where diners can use their smart devices to place restaurant orders on the go or while multitasking. 

But this technology has more uses than just ordering on guests' personal devices. Voice ordering could be implemented at self-service kiosks or in the drive-through, allowing guests to place orders while talking and touching nothing – a great safety measure in the age of the pandemic.

Self-Service Options

Self-service technology goes hand-in-hand with voice ordering. This encompasses all the different ways guests are given the power to control and customize their own dining experience through self-service. They can customize menu items while ordering from kiosks. Split the check and pay via tablets at the table or even your own devices. More and more diners are using self-service technology in a variety of ways and in all types of restaurants, from fast food to sit-down. 

Kiosks that Personalize the Customer Experience 

While ordering kiosks are prevalent in a variety of restaurants, there are some restaurants that take this experience a step further. Take KFC, for example, which is experimenting with kiosks with facial recognition technology that can recognize returning visitors and customize their experience based on their previous orders and preferences. While facial recognition may not be available for all restaurants, there are many ways you can use AI to personalize the dining experience for your guests. Online ordering and digital marketing are two places where restaurants are more likely to collect guest data and then use that data to provide personalized service, from meal recommendations to targeted marketing.

AI in the Back of the House

Integrated Inventory and Purchasing

One area of ​​restaurant operations where AI can have a major impact is integrating inventory and purchasing systems with your point-of-sale (POS) systems. AI-powered software can track historical inventory and purchasing data, look for trends and make real-time recommendations on how many ingredients and supplies to buy. Not only does this ensure your restaurant has enough supplies to avoid 86 being a popular dish, but it can also help reduce food waste by tailoring purchasing to cover only stock needs, without buying surplus that your restaurant can't use before it expires. 

Smarter Staffing and Scheduling

Staffing your restaurant and scheduling staff can be one of the most difficult parts of restaurant management. For this reason, AI technology is becoming more and more popular in this field. With AI-enabled software, restaurants can track staffing and sales data to identify trends or patterns during busy times (and during less busy times). Then they can staff the restaurant according to the expected traffic and sales during each shift.

Streamlined Delivery Processes: 

The popularity of grocery delivery has exploded during the COVID-19 pandemic, and it doesn't look like that trend will slow down anytime soon. For this reason, many restaurants are turning to AI technology to streamline their delivery processes. AI can help delivery drivers find the best and fastest routes for multiple deliveries in one trip, using map data to avoid traffic and other hazards. AI can also keep guests updated on their orders, for example, with delivery platforms like DoorDash and Uber Eats allowing customers to follow on a map and texting them when their order status is updated. 

Data-Based Insights and Predictions

In 2019, McDonalds began using predictive AI technologies and forecasting of orders made in its drive-thrus. By analyzing historical data about what customers ordered and when, McDonald's locations were able to anticipate rushes and even predict which dish would be most popular at any given time of day. By anticipating orders, stores using the technology have cut wait times by an average of 30 seconds — quite an achievement considering drive-through ordering typically takes just minutes. This type of predictive technology can be used by restaurants in this space in many ways: to manage inventory, staff, menu prices and more.

Automated Marketing and Remarketing

One place most restaurants today can implement AI is in their digital marketing plans. Many tools are now available that use automation to send marketing emails, social media posts, and targeted ads to the right people at the right time to maximize views, click-through rates, and more. AI marketing can also be used to retarget current visitors to your restaurant and encourage them to become regulars. It can help identify promotions that could help you attract more guests. All you need are the right automated marketing tools (which come with every pop menu package). While AI may seem like an intimidating topic to many non-technical restaurateurs, the bottom line is that it has earned its place in the future of the restaurant industry. AI is on the rise and with it comes many benefits for independent restaurants embracing this trend.

AI in Food and Beverage Market Analysis 

The size of the AI ​​in food and beverage market is expected to grow from US$7.00 billion in 2023 to US$35.42 billion in 2028, at a CAGR of 38.30% over the forecast period (2023-2028). 

Changes in Consumers' desire to prefer fast, affordable and accessible food options has transformed the food and beverage industry. Market leaders use advanced technologies like artificial intelligence and machine learning to scale operations and help companies stay relevant in a dynamic market environment. 

· AI has been actively gaining traction in recent years, and many companies are actively investing in exploring the technology potential in the industrial sector. This new AI technology supports F&B companies in supply chain management through logistics, predictive analytics and transparency. For example, in August of this year, Rockwell Automation released low-cost photoelectric sensors ideal for material handling, packaging and assembly applications to meet the needs of smaller form factors in industries such as food and beverage and household. The 42EA RightSight S18 sensor line offers the performance of more comprehensive solutions in a smaller, more versatile package, providing excellent detection capabilities where size and shape matter. 
· Businesses are rapidly digitizing their supply chain to differentiate themselves and drive revenue growth, improving efficiencies across the supply chain. Supply chains generate vast amounts of data, and AI helps companies analyze this data and better understand variables in the supply chain by anticipating future scenarios. 
· AI in supply chains helps companies innovate rapidly by accelerating the time to market and establishing an agile supply chain that is able to anticipate and deal with uncertainty. She drives AI growth in the food and beverage sector. 
· AI offers many benefits to the F&B industry, but the high cost of large-scale deployment in this sector limits market growth. One of the challenges of the food industry is its starting material, which can only be uniform. It can be seen that the storage of food is done with the help of manual labor. But with AI, this sorting process can be automated, ultimately reducing labor costs, increasing speed, and improving yields. For example, SORTEX A GlowVision was recently launched in London last July and is available in three to five slide models on a five module frame. It features a bespoke inspection system specifically designed for PET sorting. It will be of great interest to PET converters looking to reduce contamination levels on key color and polymer defects and offers one of the most comprehensive solutions on the market. 
· Companies with well-established data analysis skills and a team of competent developers can safely build their own AI platforms. F&B providers without such resources are looking for solutions and providers with clearly defined goals, needs and budgets.

AI in the Food & Beverage Industry Segmentation

 Artificial Intelligence (AI) is a process to create intelligent machines that function and react like humans. The aim is to teach machines to think intelligently, just like humans do. To date, the machines have done what they were told. But with AI, machines will think and behave like humans. The food processing industry uses AI to improve various offers, streamline operations and provide a better customer experience. The artificial intelligence (AI) market in food and beverage market is segmented by application (food sorting, consumer engagement, quality control and safety compliance, production and packaging, maintenance and other applications) and end-user (hotels and restaurants, food processing industry and other end-users) and geography (North America, Europe, Asia Pacific, Latin America, and Middle East and Africa).

Market Trends for AI in Food & Beverage Market 
This section covers the key market trends, which according to our research experts are shaping the market for AI in Food & Beverage: 
Consumer engagement is expected to witness significant growth. 
· Former Tata Sons Chairman's investment in Pvt Ltd's Techbin Solutions Niki.ai represents the investment and growth in chatbot usage Chat interface to assist in ordering a wide range of services. 
· AI will be used to understand consumer behavior, which is expected to lead to more accurate predictions. Additionally, it can enable marketers and organizations to reach out to customers personally, drive deeper interactions, and enhance their overall brand experience.
· Additionally, many consumers are turning to chatbots because they can work effectively offline. According to a report by American Express, more than 50% of customers are willing to pay more for companies that offer superior customer service. It opens up tremendous opportunities for AI and is likely to drive AI growth in the food and beverage market. For example, in August last year, Jio Haptik Technologies Limited (Haptik) partnered with Zoop, an IRCTC partner, for onboard food delivery to enable rail passengers to seamlessly order and have food delivered on train journeys. This WhatsApp-based self-service food delivery platform allows passengers to place grocery orders and have their deliveries delivered directly to their seat with real-time order tracking, feedback and support. 
· AI can also help analyze and monitor customer behavior and derive sentiments across different social media channels. Therefore, when AI creates a detailed customer profile, it matches their social experiences with the product. With these powerful insights, companies can now aim to improve customer experience and make it more productive, leading to market growth.

Food Waste Management 

As AI technology continues to evolve and evolve, we can expect even more innovative food waste management solutions. Key areas of focus for future AI technologies for food waste management include:
· Advanced analytics and data integration. 
With the growing availability of data and the increasing sophistication of analytical tools, we can expect more advanced AI algorithms that can process and analyze large amounts of data from various sources, providing more accurate and comprehensive insights into food waste generation and prevention.
· Integration with other technologies 
AI technologies for food waste management can be integrated with other technologies such as blockchain and IoT to enable more seamless and efficient tracking of food waste across the supply chain. This can improve transparency and traceability while enhancing waste reduction strategies.
· Increased use of robotics
Robotics technology can be used to automate certain processes, such as food sorting, reducing the need for human intervention and improving efficiency. With the help of AI algorithms, these processes can be optimized and overall performance improved. 
· Expanding Food Waste Reduction Programs
 As public awareness of food waste continues to grow, we can expect an expansion of food waste reduction programs locally, nationally and internationally . AI-based technologies can play a key role in supporting these initiatives, providing data-driven insights into food waste generation and prevention. 
· Adopting circular economy principles 
Adopting circular economy principles can help companies and organizations reduce waste and optimize resource use. AI-based technologies can facilitate this transition by providing data-driven insights and enabling more efficient and effective waste reduction strategies.
· Increased collaboration and partnerships
Collaboration and partnerships between companies, organizations and governments can help drive the development and adoption of AI technologies for food waste management. These collaborations can enable the sharing of data, resources and expertise, leading to more effective and sustainable solutions.
 As AI technologies for food waste management continue to evolve and improve, we can expect significant advances in the way we manage food waste. With the potential to improve efficiencies, reduce costs and promote sustainability, these technologies will play a critical role in creating a more sustainable and resilient food system.

Future of AI 

The future of artificial intelligence is far-reaching as there is still much to be developed. Yet the kind of development it has sparked in different sectors is the real factor in how well known it can become in the years or decades to come. 
With the rise of the metaverse and other technological advances, AI and machine learning are likely to take over the human ability to determine, develop, and direct resources in the right direction.
 In summary, AI has its own pros and cons. But it is an unspoken fact that it has accelerated the way technology serves us and satisfies our desires for now. 
Even if we only look at the food sector, this technology has reached a milestone in boosting the process of automation, customization and autonomy. Gone are the days when people had to stay close by to keep an eye on the machines. 
Thanks to AI, machines are able to monitor themselves as well as other machines, which has drastically changed the nature of the workload for us. 
[bookmark: _GoBack]Despite the across-the-board use of machines in the industrial sector, humans still have to keep up with daily challenges, proving that AI still has a long way to go to completely replace us as leaders.
