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ABSTRACT :

Food security is one of the priorities of every country in the World. However, different factors are making it difficult to meet global targets on food security.
Some unprecedented shocks are encumbering food security at the global level. Various interventions have been applied toward food security and artificial
intelligence is one of the modern methods that is being used in various stages of the food system. In this paper, the application of artificial intelligence in the
whole food production ecosystem ranging from crop production, livestock production, harvesting/slaughtering, postharvest management, food processing, food
distribution, food consumption and food waste management is assessed. The objective of this research is to assess the application of artificial intelligence systems
in all the stages of food systems. A systematic review was conducted by analyzing 110 articles after the screening of 450 articles based on the inclusion and
exclusion criteria. The results indicated that various artificial intelligence algorithms are being applied to all the stages of the food system from crop/livestock
production up to food or agro-waste management and Al-powered technologies, including machine learning, computer vision, robotics, and predictive analytics,
are significantly enhancing decision-making, resource optimization, and sustainability throughout the food system.
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Introduction :

Agriculture, the backbone of many economies and a key driver of global food security, is undergoing a technological revolution. Among the areas
seeing the most significant transformation is soil management, a cornerstone of sustainable farming practices. In traditional agriculture, soil
management heavily relied on manual testing and field inspections to assess soil health, nutrient levels, and moisture content. While effective in certain
scenarios, these methods are often labour intensive, time-consuming, and susceptible to human error, limiting their scalability and accuracy with the
advent of Artificial Intelligence (Al) and advanced data analytics, a paradigm shift is occurring. Al-powered technologies such as machine learning,
computer vision, and remote sensing are offering farmers sophisticated tools to monitor and manage soil health in real time. These technologies enable
precise analysis of soil properties, including texture, composition, pH levels, and nutrient density, without the need for invasive testing methods.
Moreover, Al enhances the prediction capabilities of soil health trends, allowing for proactive measures to maintain fertility and productivity. A critical
enabler of this transformation is the integration of Internet of Things (l1oT) devices and cloud computing platforms. This paper explores an innovative
loT-based system that leverages drones equipped with advanced sensors to collect and analyze soil data. By utilizing drones, the system automates the
collection of critical soil parameters over vast agricultural lands, reducing manual effort while improving data accuracy. The collected data is
transmitted to cloud platforms, where Al algorithms process and analyze it to generate actionable insights. The integration of Al and loT in soil
management offers several advantages. It empowers farmers with real-time insights, enabling data-driven decisions to optimize crop yields,
conserve resources, and mitigate environmental impact. For instance, precise irrigation recommendations based on moisture content can reduce
water wastage, while targeted fertilizer applications can minimize nutrient runoff and associated ecological damage. Furthermore, the system supports
the early detection of soil degradation and pest infestations, enabling timely interventions that enhance long-term agricultural sustainability. This paper
examines the design, implementation, and benefits of an Al-driven, loT-based soil monitoring system. It highlights how this approach can
revolutionize soil management practices, addressing the challenges of traditional methods and supporting the global push towards sustainable, efficient,
and resilient agricultural systems.

Literature Survey :

1.  The paper focuses on identifying and analyzing the growth trajectory of Al development within the industry. Specifically, it categorizes this
growth into three distinct phases, each characterized by unique milestones, challenges, and advancements. Alongside this, the research
highlights the most prevalent strategies adopted by organizations to integrate and optimize Al technologies effectively.
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The paper provides a comprehensive overview of groundbreaking technologies and innovations with the potential to revolutionize
Sustainable Food Systems (SFSs). It examines how these advancements are being adopted and integrated into the agricultural sector, with a
particular focus on their transformative capabilities. Key emerging technologies highlighted in the study include digital agriculture tools such
as the Internet of Things (loT), which facilitates real-time monitoring and decision-making through interconnected devices.

The paper explores how artificial intelligence (Al) and machine learning (ML) technologies are becoming integral tools for modern farmers,
driving significant advancements in food production and distribution processes. These technologies enable smarter decision-making by
leveraging vast amounts of data collected from sensors, satellite imagery, and other sources. In food distribution, Al and ML enhance supply
chain efficiency by predicting demand, minimizing food spoilage, and ensuring timely delivery.

The paper discusses Precision agriculture enhances farmers' productivity, resource efficiency, and reduces management costs. Tracking
systems are crucial for coordinating with farmers, production, and retail lines for faster speed to market. process and are prone to errors. Al
tools can remove noise from data, leading to more accurate measurements.

Computer vision and artificial intelligence (Al) play a crucial role in various agricultural applications, including food processing, farming,
plant data analysis, smart irrigation, and next. The system offers precision in fertilization by georeferencing each sample, allowing for the
creation of nutrient maps that aid in more efficient crop management. It has a cloud-based platform that uses satellite images and Al
algorithms to determine optimal sampling locations.

Al approaches can monitor soil health, identify defects, and analyze flora patterns to understand soil issues, plant pests, and diseases. Sensors
installed in farms collect data on soil conditions, which is then transmitted to a cloud platform for analysis. The deep learning model
processes this data to predict the ideal times for irrigation and fertilization.

ML models like SVM, neural networks, and deep learning lack interpretability due to complex structures. Classical regression algorithms
such as linear, decision trees, Ridge, and Lasso regressions are inherently interpretable. Machine learning techniques, like Support Vector
Machines (SVM) and Random Forest (RF), are applied to large datasets collected from sensors to predict soil characteristics like pH,
moisture, and nutrient content.

The project explores the use of artificial intelligence (Al) Wearable technology in agriculture can provide data for analysis purposes. The
potential benefits of diagnostic technology for data analysis are significant. Traditional soil models rely on predefined mathematical
equations, which may not always capture the intricacies of soil properties under various conditions. Al-based models, on the other hand, learn
from data and adapt over time, making them more flexible and effective in handling complex relationships.

The study utilized VOS viewer to visually represent the network of authors and countries in bibliometric analysis. Biblioshiny was used to
generate the prominent keyword cloud in the study. Thirteen Al methods, including linear regression, random forest, gradient boosting,
multi-layer perceptron (MLP), and deep learning, were analyzed. Various climate factors like air temperature, solar radiation, and wind
were used as inputs. Sensitivity analysis determined which variables were most important for accurate predictions, with air temperature and
solar radiation being critical. Al heat events.

The Al implementation in agriculture faces various challenging parameters such as response-time, accuracy-level, lack of standardization,
requirement of big data, flexibility, Al safety-related issues, cost of big data, implementing method. Techniques like Decision Trees (DT),
k-Nearest Neighbor (k-NN), Atrtificial Neural Networks (ANN), and Support Vector Machines (SVM) have been applied to classify soil
based on factors such as moisture content, pH, and texture. These ML methods analyze vast amounts of data to recognize patterns in soil
features and make predictions.

Al technologies simulate human intelligence to solve complex problems, offering solutions in food production, distribution, and safety. These
technologies include Machine Learning (ML), Artificial Neural Networks (ANN), Fuzzy Logic, and robotics, among others. Al and ML
platforms, including deep learning (DL).

Artificial Intelligence (Al) applications within the extended agri-food supply chain. It emphasizes the role of Al in transitioning agriculture
toward sustainability, digital transformation, and efficiency. Farmers can input soil details or upload images of their soil, and the system
suggests crops based on factors like expected yield and market prices.

The application of Artificial Intelligence (Al) techniques in detecting adulteration and defects in food and agricultural products. Al methods
such as deep learning (DL), artificial neural networks (ANN), support vector machines (SVM), and fuzzy logic (FL) are integrated with
sensing technologies.

Al in agriculture is an advanced approach to improving productivity, sustainability, and resource efficiency. It involves the use of
technologies such as machine learning, neural networks, computer vision, and loT to address various agricultural tasks, including crop
management, pest control, irrigation, and yield prediction.

Al in agriculture is used to optimize resource consumption, enhance productivity, and adapt to environmental challenges. Key applications
include machine learning, neural networks, and decision support systems to address complex problems

Methodology :

Metagenomic Analysis:

Metagenomics involves the study of genetic material recovered directly from environmental samples. It allows researchers to explore the diversity and
functions of microbial communities without the need for culturing.
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Process:

. Sample Collection: Environmental samples (e.g., soil, water, plant tissue) are collected.
. DNA Extraction: DNA is extracted using specialized kits that preserve microbial integrity.

Sequencing: High-throughput sequencing technologies (e.g., lllumina, PacBio) are used to generate large amounts of sequence data.

Bioinformatics Analysis : Sequences are analyzed using bioinformatics tools to identify microbial species, functional genes, and metabolic pathways
Applications: Understanding soil health, assessing biodiversity, studying plant-microbe interactions, and monitoring environmental changes.

CASE STUDY

Human Gut Microbiome Objective: To understand the diversity of microbial species in the human gut and their impact on health.

Outcome: Researchers identified over 1,000 distinct microbial species, revealing associations between specific bacteria and conditions like obesity,
diabetes, andinflammatory bowel disease. This study has led to personalized medicine approaches targeting gut microbiota for therapeutic interventions.
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Results and Discussion :

e Al technologies, like machine learning and computer vision, enhance crop disease detection, pest management, water supply optimization,
and vyield prediction. For instance, drones and Al models enable efficient pest detection and targeted spraying, while ANN and IoT systems
optimize irrigation.

e Al tools aid in monitoring livestock health and productivity. For example, deep learning models have been applied to predict milk yield in
dairy cows, and machine learning models help detect lameness in cattle.

e Al technologies streamline processing operations, from raw material conversion to food analysis, through machine learning and sensor-
based systems.

e  The review emphasizes that Al enables precision agriculture, real-time monitoring, and more accurate yield predictions, while also
minimizing environmental impacts. Al applications in food processing and waste management contribute to food quality, safety, and
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sustainability. However, challenges remain, especially in developing countries, due to limitations in infrastructure, data access, and
technological expertise.

Al has the potential to revolutionize agriculture, making it more sustainable, resilient, and responsive to global challenges. By addressing
barriers to adoption, particularly in developing nations, Al can support sustainable agricultural practices, ensuring equitable access to food
and resources. These advancements align with broader objectives, such as achieving global food security goals.

Al-powered quality control systems detect imperfections in produce, ensure adherence to safety standards, and enhance food grading
processes. This helps maintain consistent quality for consumers while reducing spoilage and contamination risks.

Underscores that realizing the full potential of Al faces significant obstacles, particularly in developing countries. Limited access to reliable
infrastructure, high-quality data, and technological expertise impedes the widespread adoption of Al solutions. The review emphasizes the
need for targeted interventions, such as investments in infrastructure, capacity building, and the development of supportive policies, to
bridge these gaps.

The study provides an in-depth exploration of the transformative impact of artificial intelligence (Al) on the food system, emphasizing its
ability to significantly enhance productivity, operational efficiency, and decision-making at various stages of the agricultural value chain.
Al is recognized as a critical enabler of innovation, offering solutions to some of the most pressing challenges in agriculture and food
security.

Conclusion :

In conclusion, Al holds immense promise for transforming the global food system into one that is more sustainable, efficient, and equitable. Addressing
the adoption challenges, especially in under-resourced regions, is essential to fully leverage AI’s potential to support global food security goals and
contribute to achieving the United Nations Sustainable Development Goals (SDGs), particularly those related to zero hunger, responsible production,
and climate action.
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