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ABSTRACT  
Food processing, as a transformative process, plays a pivotal role in shaping the nutritional 
composition of food. The persistent menace of climate change poses a global threat, 
particularly impacting food security in developing nations and exerting its influence on 
crop productivity even in well-established regions. The multifaceted and intricate 
consequences of these ongoing climatic shifts significantly affect both food availability and 
population health. Consequently, there is a pressing need for a science-driven approach 
that can adeptly harness the opportunities presented by evolving environmental 
conditions to enhance food productivity and ensure security. The imperative for safe 
technological innovations becomes evident in advancing the realization of sustainable 
development goals (SDGs), particularly Zero Hunger. This study employs a literature 
review methodology to investigate the consequences of food security issues and also find 
out the best possible approaches to cover the maximum area to fertilize. Using a literature 
review methodology, the research highlights the importance of science-driven approaches 
and technological innovations in mitigating these impacts and advancing sustainable 
development goals, particularly Zero Hunger. The findings underscore the need for 
advanced food processing techniques, investment in research, supportive policies, capacity 
building, and collaboration to improve food availability and nutrition. Ultimately, the 
conclusions drawn from this research emphasize a positive correlation between safe food 
processing practices and achievement. 
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Introduction 

In addition to providing food security and 570 million farmers' livelihoods, 
agriculture is essential for changing economies and feeding the world's 7.5 billion people. 
More than 60% of the energy we eat comes from three main crops: wheat (Triticum 
aestivum), corn (Zea mays), and rice (Oryza sativa). Agricultural technology has evolved 
tremendously to fulfill the increased need for food, particularly through conventional 
selective breeding techniques that choose superior offspring from plants crossed with 
desirable qualities(Hoang et al, 2020) . The 'Green Revolution' of the 1950s produced high-
yielding cultivars of rice and wheat thanks to this technique. In addition, advancements in 
heavy machinery, chemical fertilizers, and irrigation systems have significantly increased 
food production globally in recent decades, improving food security everywhere 

Uncontrolled genetic mutations, the requirement for closely related parent plants to 
generate offspring, and the labor-intensive and time-consuming procedure of crossing and 
backcrossing hybrids to get elite lines are only a few of the drawbacks of conventional 
breeding approaches. On the other hand, modern biotechnology instruments provide a 
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more accurate and regulated way to modify plant proteins or DNA, which may lead to crops 
that are hardy, nutrient-rich, and have a high yield(Banke et al, 2020) . These methods hold 
great promise for improving global agronomic productivity and food security because they 
can overcome the drawbacks of traditional methodologies. Critics have brought up issues 
with biosafety, ethics, and the long-term effects on the environment and human health, 
though. 

This investigation explores advances in technology in crop improvement, 
demonstrating the shift from conventional breeding during the 'Green Revolution' to 
complex biological methods in the 'Gene Revolution.' It analyzes the motivation behind this 
shift, distinguishes between various contemporary biological tools, and discusses their 
ambiguous definitions within current regulatory frameworks. The paper also discusses how 
new gene-editing techniques should be integrated and discusses the legal frameworks that 
each country has for the production of genetically modified (GM) food(Guruswamy et al, 
2022) . Along with explaining how contemporary biotechnology enhances conventional 
techniques by providing creative ways to enhance crops and food production, it also 
discusses the advantages and drawbacks of foods produced using biotechnology. 

Literature Review 

Despite the difficulties brought on by increasing urbanization, food security a crucial 
element of sustainable development—remains a top worldwide issue. There are worries 
about the ability to feed billions of people in the future as a result of the unparalleled 
demands that the exponential development of urban populations is placing on conventional 
farming methods(Alobid et al, 2022) . This essay examines the problems with global food 
security in the context of urbanization, presents vertical farming as a viable remedy, and 
emphasizes how important architectural integration is to the project's success. 

There are two sides to urbanization when it comes to food security. Urban centers 
are the engine of technical innovation, cultural interaction, and economic expansion, on the 
one hand. However, the growing population puts pressure on the world's food production 
systems and exacerbates issues with water scarcity, climate change, and land scarcity[5]. 
Due to their reliance on large tracts of fertile land, traditional agricultural methods find it 
difficult to feed the expanding urban population. Moreover, the requirement to transport 
food across great distances increases carbon emissions and presents environmental issues. 

Table 1 
Technology approaches of different articles 

Author Approach Mechanism Strength 

(Alobid et al, 2022)  LSTM Machine Learning PART Algo 

(Hassoun et al, 2023)  IoT Sensors Clustering Green House 

(Hachimi et al, 2022)  Artificial Intelligence K - Mean SVR 

(Hamdan et al, 2022)  Public Data Soil IoT Green House 

(Temilade et al, 2024)  Data science Classification Multi-Layer 

Fertile agricultural land is converted into urban infrastructure as a result of 
increased competition for land as urban areas grow. Furthermore, resource constraints are 
a common issue in metropolitan settings, making it difficult to maintain traditional 
agricultural methods. These dynamics show how urgently creative solutions are needed to 
guarantee urban inhabitants a robust and sustainable food supply(Kumar et al, 2020) . An 
emerging promising answer to the problems caused by urbanization is vertical farming. 
Vertical farming makes use of vertical space in urban settings as opposed to traditional 
farming, which depends on horizontal expansion. Crops are grown in vertically stacked 
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layers or on inclined surfaces, frequently in controlled environments like skyscrapers, 
warehouses, or specially constructed buildings. 

Reducing the need for sizable arable land parcels, optimizing water use with closed-
loop systems, and reducing the environmental effect of long-distance food transportation 
are just a few benefits of vertical farming. Vertical farming ensures a more sustainable and 
effective use of resources by addressing the geographical restrictions of urbanization by 
placing food production closer to urban areas. The smooth integration of vertical farming 
with urban design is a critical component of its success(Kareem et al, 2021) . In order to 
ensure that vertical farming systems coexist peacefully with urban infrastructure, they must 
be designed and integrated into the built environment. This essay emphasizes how 
important architectural integration is and how much of an improvement it can make to food 
security. 

Green walls, modular systems, and adaptive reuse of pre-existing structures are just 
a few of the design concepts that are used in the architectural integration of vertical farming. 
By allowing vertical farming on building facades, green walls allow agriculture to be 
attractively integrated into urban settings. Modular solutions maximize the effective use of 
existing space by providing flexibility and scalability. Repurposing abandoned buildings or 
warehouses is a prime example of how urban areas may be transformed sustainably. The 
integration of vertical farming into urban design is further enhanced by technological 
breakthroughs such as robots, artificial intelligence, and sensors that allow for precise 
farming, better resource usage, and increased efficiency. These developments lower labor 
intensity by automating a number of farming operations while also increasing yields(Rejeb 
et al, 2021) . Urbanization brings problems to global food security, but vertical farming with 
an emphasis on architectural integration offers a transformational alternative. 

Material and Methods 

This study aims to investigate the consequences of food security issues and identify the 
best approaches to enhance agricultural productivity and fertilization coverage, emphasizing 
the role of food processing technology in ensuring safe, high-quality food and preserving 
nutritional value. Climate change significantly impacts food security, affecting crop productivity 
and population health globally, especially in developing nations. 
 
Neno Advancement  

In the manufacturing and processing of food, nanotechnology has found several 
uses, including in nano-based additives, the sensors-based neuros, packaging and 
distribution systems based on nanoparticles, and healthcare. In food processing, 
nanomaterials are used as anti-caking, filler, antibacterial, and additives to improve the 
mechanical strength and stability of packaging materials. Nanotechnologies are widely 
acknowledged in the field of food science. They are utilized in the creation of innovative 
ingredients, altered food packaging, and formulating food systems to provide healthier, 
higher-quality food systems with longer shelf lives(Colombo et al, 2022). In the 
pharmaceutical industry, nanofiltration is used to improve the quality of drinking water and 
dairy products by purifying the solutes. Food packaging can withstand more heat thanks to 
nanofabrication methods, and food shelf life may be increased by using tiny enzyme reactors 
to boost enzymatic activity. Food packaging can withstand more heat thanks to 
nanofabrication methods, and food shelf life may be increased by using tiny enzyme reactors 
to boost enzymatic activity(Hamdan et al, 2022) . By reducing odor and strengthening food 
interactions with active substances to protect against chemical, moisture, or biological 
damage during packing and storage, nanoencapsulation methods enhance food quality and 
preservation. Metallic oxides are used as food coloring additives, and SiO2 nanoparticles 
help food smell better. 
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AI in Food Industry 

Artificial intelligence (AI) is a key component in the food processing industry's 
optimization of processes including sorting, grading, and identifying flaws or contamination 
in food items. It helps distinguish and arrange fruits and vegetables according to 
characteristics like size and color, improving the uniformity and quality of the final product 
while cutting down on waste(Musanase et al, 2023) . By evaluating sensor and camera data 
to identify possible pollutants or risks, artificial intelligence (AI) also improves public health 
by reducing foodborne diseases. Additionally, AI uses individual consumer data analysis to 
provide tailored nutritional recommendations based on variables such as exercise level, 
gender, and age, enabling users to make better food decisions and improve their general 
health. 

The food business has always gotten its basic ingredients from the agricultural 
sector. A greater supply for the raw products and high demand in the businesses, which rely 
on these inputs for processing and manufacturing, results from increased food production 
in agricultur(Musanase et al, 2023). But the COVID-19 epidemic has severely damaged many 
people's livelihoods and upended supply networks in these sectors. States of emergency 
declared by the government resulted in numerous closures that had an impact on every link 
in the supply chain, from farmers to consumers. The pandemic has been connected to a 
number of factors, including unanticipated productivity and revenue decreases, falling oil 
prices, decreased tourism, problems with climate change, and others. The FAO reports that 
there has been an increase in hunger and malnutrition in recent years.  

The weed Silybum marianum has been detected using Unmanned Aircraft Systems 
(UAS) and Counter Propagation-Artificial Neural Networks (CP-ANN). These methods work 
well for identifying and locating weed species in agricultural areas when combined with 
multispectral and hyperspectral imagery. Artificial neural networks such as CP-ANN are 
good at recognizing patterns, and multispectral photography takes pictures of agricultural 
fields at different light wavelengths[15]. Researchers were able to determine the presence 
of the plant with great accuracy and precision by combining these approaches. Machine 
Learning (ML) techniques for picture analysis and species categorization are used in 
conjunction with another technology called hyperspectral imaging, which provides 
comprehensive spectral information about various plant species(Sadhu et al, 2021). In 
addition, Support Vector Machine (SVM) algorithms have been created utilizing photos.  

The future of agriculture is bright with robotic weed management systems that use 
machine learning and computer vision algorithms to identify and eradicate weeds with the 
aid of mechanical tools or robotic arms[8]. These systems may be used in a variety of 
agricultural situations, including greenhouses, where more conventional weed 
management techniques would not be adequate. Additionally, cultivars with elastic tines or 
finger weeders may be able to suppress weeds both within and between rows. An essential 
component of precision farming is precision weed management, which uses information 
technology to control weeds specifically at each location(Teneja et al, 2023). Although 
cutting action devices are not as effective as intelligent mechanical weed management, 
spring-tine harrow prototype systems may be remotely adjusted according to crop 
production requirements, weed density, and soil conditions. 

Food authenticity depends on the lack of adulteration, especially when it comes to 
the kind, composition, origin, purity of the variety, and processing technique—aspects that 
are frequently the focus of deceit and efforts at food fraud(Khan et al, 2022). The concept of 
traceability—which is described as "the ability to follow the movement of a food through 
specified stages of production, processing, and distribution" was created in order to 
guarantee the authenticity of food products. It makes it possible to trace the origin, 
ingredients, and processing of a finished food product—a crucial step for global sourcing, 
centralized food manufacturing, and distribution. 
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With the advent of automated ICT-enabled systems, traceability is now 
acknowledged as a crucial component of food quality, marking a change from manual and 
paper-based traceability(Michael et al, 2024). The Global Track and Trace System (GTTS) 
was proposed by the author, who emphasized the system's potential to manage product 
lifecycle, identify noncompliance’s, prevent food fraud, certify product quality, provide 
additional consumer information, ensure food origin and quality, and comply with 
regulations. emphasized how safely connecting the whole supply chain with Distributed 
Ledger Technologies (DLTs), such as blockchain, may improve food traceability[20]. In 
order to address concerns related to food safety or quality, this guarantees immediate and 
precise traceability to the origin and history of each food item. 

Conclusion 

A brand-new Crop and Fertilizer Recommendation System (CFRS) designed 
especially for Rwanda's agricultural environment is presented in this study. By utilizing 
machine learning and data analysis, the technology offers farmers tailored insights to help 
them make educated decisions about which crops to plant and how much fertilizer to use. 
The accuracy, balance, and efficiency of the neural network are demonstrated by thorough 
comparison assessments, outperforming other well-known machine learning models. The 
CFRS has the potential to improve crop quality and output, encourage economical farming 
methods, and lessen environmental impact. The system is not without flaws, though; more 
environmental and geographic variables must be taken into account, and data modeling and 
feature extraction procedures must be improved upon. In the future, efforts will concentrate 
on including other variables like height, temperature, humidity, and rainfall. 

Recommendations 

Based on the findings, the study recommends adopting advanced food processing 
technologies to preserve nutritional value and ensure food safety. It advocates for investment 
in research and development to create innovative solutions for enhancing agricultural 
productivity and adapting to climate change. Policy support for sustainable practices is 
essential, with governments encouraged to implement policies that promote sustainable 
agriculture and provide incentives for adopting advanced technologies. Additionally, capacity 
building and education are crucial to inform farmers and food processors about the benefits of 
advanced technologies and sustainable practices. Finally, fostering collaboration between 
governments, research institutions, and the private sector is necessary to share knowledge and 
resources for sustainable food production. 
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