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Abstract
The evolution of the food processing industry is continually advancing with the integration of

innovative technologies, with the Internet of Things (l1oT) at the forefront. The primary objective of
this research is to delve into the development and integration of an loT-based monitoring and control
system in food processing to enhance efficiency, safety, and quality. Leveraging a combination of
sensor-based technologies, real-time data analytics, and cloud computing, we designed and
implemented an advanced monitoring system tailored to the unique requirements of food processing.
Our findings underscored significant improvements in real-time monitoring, traceability, and
predictive maintenance, leading to minimized wastage and optimized production cycles.
Furthermore, the system's adaptability ensures its application across varied food processing units,
from dairy to bakery goods. The implications of this integration not only signal economic benefits
for the industry but also point toward a paradigm shift in how the food processing industry
approaches quality control, safety, and efficiency in an increasingly connected world.

Keywords: Internet of Things (loT), Food processing, Real-time monitoring, Predictive

maintenance, Quality control, Traceability.

1. Introduction

Food processing is a sequence of techniques and methodologies employed to transform raw
ingredients into food products for consumption. Since ancient times, humans have been practicing
food processing, starting with basic techniques such as sun-drying fruits or smoking meats to
preserve them[1]. Over time, as societies evolved and markets expanded, the need for mass food
production and longer shelf lives led to more complex methods and technologies in food processing.
Today, the food processing industry plays a pivotal role in bridging the gap between agriculture and
the end consumer. It is instrumental in ensuring that food reaches our tables in safe, consumable, and
palatable forms[2]. With an ever-growing global population and urbanization, the demand for
processed foods has seen a surge, highlighting the industry's economic and societal significance.

The Role of Technology and the Emergence of the Internet of Things (10T) in the Industry:As with
many other sectors, the food processing industry has undergone considerable evolution with the
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advent of technology. From automated machinery to computerized quality control systems,

technology has streamlined processes, increased efficiency, and improved product quality. In the
recent decade, the Internet of Things (IoT) has emerged as a transformative force across industries,
and food processing is no exception[3]. 10T refers to the interconnected nature of devices and
systems that communicate with each other over the internet. In the context of food processing, this
means that machinery, sensors, and other equipment can collect and exchange data, offering real-
time insights and automation possibilities[4]. For example, loT-enabled sensors can monitor the
temperature of stored food products and adjust cooling systems automatically if temperatures rise
beyond the desired level. Such precise, real-time monitoring can prevent spoilage, reduce waste, and
ensure consistent product quality.

The Need for Monitoring and Control in Food Processing: Monitoring and control are foundational
to the food processing industry. Given the industry's mandate to provide safe, consistent, and high-
quality products, rigorous oversight of every stage — from raw material sourcing to production to
packaging — is imperative[5]. The stakes are high. Inadequate monitoring can lead to issues ranging
from spoilage (with significant economic implications) to health risks for consumers due to
contamination. Moreover, with globalization, food products often travel long distances and across
borders, making traceability and quality assurance even more crucial. loT-based monitoring systems
elevate these control measures by providing real-time feedback, predictive analytics, and seamless
integration with production processes[6]. This shift from reactive to proactive monitoring can bring
about substantial benefits in terms of cost savings, quality assurance, and operational efficiency. In
conclusion, as the food processing industry grapples with challenges such as increasing demand,
sustainability concerns, and rising quality standards, loT offers a promising avenue to address these
challenges head-on and usher the industry into a new era of digital transformation.

2. Objectives

The integration of the Internet of Things (IoT) into food processing is driven by the desire to
enhance operational efficiency, traceability, and product consistency. The primary objective is to
seamlessly embed sensors and devices that allow real-time monitoring, ensuring instant feedback
and timely adjustments. This technological leap aims to bolster traceability, letting products be
reliably tracked to their origins, fostering consumer trust, and facilitating rapid response in case of
contamination or recalls. Further, by harnessing predictive analytics, the system can preemptively
signal when machinery requires maintenance, minimizing downtimes. The automation of repetitive
tasks combined with real-time data analysis promises both heightened operational efficiency and a
drastic reduction in human errors. Additionally, the efficient monitoring of resources through loT
devices emphasizes sustainability and waste reduction. Ultimately, with a robust loT framework,
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food processing units can make data-driven decisions, refining production strategies, enhancing

product development, and achieving improved market positioning.

3. Literature Survey

The literature review examines the dynamic landscape of current technologies in food processing,
showcasing automation, non-thermal preservation methods, and advanced packaging technologies.
In the context of 10T, previous studies and research in supply chain management, quality control,
predictive maintenance, and sustainability within the food processing industry are analyzed. While
the literature underscores the potential benefits, it also sheds light on challenges, such as scalability,
data security, integration with legacy systems, and cost implications[7]. The absence of universal
standards for loT devices is identified as a critical issue, emphasizing the need for further research
and standardization in this evolving field.

The food processing industry has historically been quick to adopt technological advancements to
meet the rising demands for food quality, safety, and volume. The last few decades have seen a
series of innovations:

Automation and Robotics: With the rise of Industry 4.0, many food processing units have
incorporated automated machines and robotics to handle tasks ranging from sorting, packing, to even
more intricate processes like deboning meat.

High-Pressure Processing (HPP): This non-thermal preservation method uses high pressure to
ensure food safety and extend shelf life, maintaining the nutritional and sensory qualities of the food.
Near Infrared (NIR) Spectroscopy: Used for rapid content analysis, it aids in determining the
composition and quality of food products without destructing them.

Advanced Packaging Technologies: Techniques like vacuum packaging, modified atmosphere
packaging, and active packaging have revolutionized food preservation.

Previous Studies and Researches on 10T in Food Processing or Related Fields: The integration of
IoT in food processing is a relatively nascent area, but several noteworthy studies have paved the
way.

loT in Supply Chain Management: Studies like Smith et al. (2019) have emphasized the role of 10T
in enhancing traceability and transparency in the food supply chain, ensuring fresher and safer
products reach the consumers.

loT for Quality Control: Research by Patel & Patel (2018) delved into how loT sensors can ensure
consistent product quality by real-time monitoring of temperature, humidity, and other vital
parameters.

Predictive Maintenance with 10T: Wong et al. (2020) explored the use of IoT for predicting
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equipment failures in food factories, leading to reduced downtime and costs.

loT and Sustainability: A paper by Fernandez-Carames and Fraga-Lamas (2017) focused on how
loT can aid food processors in implementing sustainable and eco-friendly practices by monitoring
resource usage.

Gaps and Challenges Identified: While the potential benefits of integrating IoT into food processing
are vast, the literature review identified certain gaps and challenges.

Scalability Concerns: While 10T implementation in large-scale industries has been documented, its
feasibility and adaptability in smaller-scale food processing units remain underexplored.

Data Security: As with all internet-connected systems, there are concerns about the security and
privacy of data collected, especially when it pertains to proprietary processes or recipes.

Integration with Legacy Systems: Many food processing units operate on older machinery and
systems. The integration of these with modern loT devices poses a significant challenge[8].

Cost Implications: While the long-term benefits of IoT integration seem promising, the initial
investment required can be prohibitive, especially for smaller enterprises.

Lack of Standardization: The absence of universal standards for IoT devices and their integration
into various industries, including food processing, can lead to compatibility and interoperability
issues.

4. Methodology

The research's methodology entails a comprehensive description of the 10T devices employed,
encompassing temperature and humidity sensors, pH sensors, infrared sensors, pressure Sensors,
flow sensors, and connectivity modules. Data collection methods, including real-time monitoring,
cloud storage, edge computing, and periodic sampling, are detailed. The implementation scenarios
cover critical areas of food processing, such as cold storage, fermentation, baking, beverage
production, and packaging lines. These methodologies lay the foundation for subsequent data
analysis and interpretation.loT (Internet of Things) technology is revolutionizing supply chain
management by providing continuous real-time visibility into various aspects of the supply chain,
enhancing efficiency, transparency, and responsiveness[9]. loT-enabled continuous real-time supply
chain visibility involves the use of interconnected devices, sensors, and data analytics to monitor and
manage the movement of goods and information across the supply chain as presented in Figure.l.
loT (Internet of Things) technology is reshaping the world of supply chain management by offering
continuous real-time visibility across the entire supply chain[10].This innovative approach involves
the deployment of interconnected devices and sensors throughout the supply chain infrastructure,

from manufacturing facilities and warehouses to transportation vehicles and distribution centers.

-
e -‘-'-lJtAN S 272
- "
W Iinternational Journal of
Food And Mutritional Sciences
SaaTiLnnanesiER SL TR etie Al Sss e sianien ol Foo




IJFANSINTERNATIONALJOURNALOFFOODANDNUTRITIONALSCIENCES

ISSNPRINT231917750nline23207876

Researchpaper RIS Y: L aYe U G CCAREListed(Group-1)JournalVolume10,1ss03,Feb-2021
These sensors collect a wealth of data on various parameters such as temperature, humidity, location,

and inventory levels[11]. This data is then transmitted to a central platform where it's processed,

integrated with other relevant information sources, and analyzed in real time.
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Figure.1l: loT Enabling continuous real -time supply chain visibility
This real-time monitoring provides supply chain stakeholders with invaluable insights, allowing
them to track the status and location of goods, anticipate potential issues, optimize routes, and make
informed decisions promptly. Moreover, loT-enabled supply chain visibility supports predictive
analytics, enhances inventory management, improves traceability, and bolsters security measures,
ultimately leading to more efficient, resilient, and cost-effective supply chain operations.
5. 10T System Architecture

The 10T system architecture comprises essential components, including sensors and actuators, edge
computing devices, connectivity modules, a centralized server or cloud platform, a data analytics
engine, and a user interface (Ul). The integration with existing food processing equipment is
emphasized, bridging the gap between traditional machinery and modern lIoT systems. The data flow
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and processing logic ensure efficient data collection, processing, and actionable insights, forming the

backbone of the I0T system's functionality.

Components of the 10T System

Sensors & Actuators: These are the primary data collection points, measuring everything from
temperature and humidity to flow rates. Actuators execute actions based on processed data, such as
turning off a machine or adjusting temperatures.

Edge Computing Devices: Localized computing devices placed near the sensors to process data on-
site. These are particularly useful when quick decisions are necessary[12], without the latency of
sending data to a central server.

Connectivity Modules: These components facilitate communication between devices. They can be
wired or wireless, with technologies like Wi-Fi, Bluetooth, Zigbee, LoRa, or 4G/5G.

Centralized Server or Cloud Platform: This is where all the data gets accumulated, stored, and
further analyzed. It offers remote access capabilities and often comes with visualization tools for
better data representation.

Data Analytics Engine: Integrated into the server or cloud, this engine processes the vast amounts of
data using algorithms and analytics tools[13], drawing actionable insights and predictions.

User Interface (Ul): Dashboards or applications that present the processed data in a comprehensible
manner to the users. They allow for remote monitoring, control, and adjustments.

Integration with Existing Food Processing Equipment

Retrofitting Sensors: Most traditional food processing equipment can be retrofitted with 10T sensors.
For instance, older fermentation tanks can be equipped with new temperature, pressure, and pH
Sensors.

Middleware Integration: To bridge the gap between traditional machinery controllers and modern
loT systems, middleware software can be used[14]. This software translates the data formats and
protocols, ensuring seamless communication.

Adaptive Actuators: In some cases, 0T implementation might require adding actuators to existing
machinery, enabling automated actions based on sensor data.

Network Configuration: As 10T devices are added, the existing network infrastructure might need
upgrading or reconfiguring to handle the increased data flow and ensure reliable connectivity.

Data Flow and Processing Logic

Data Collection: Sensors collect data in real-time or at predefined intervals based on the specific
application needs.

Local Processing: Edge computing devices process this data for immediate actions, filtering, or
preliminary analysis. If a specific parameter crosses a threshold[15], an immediate action, like
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shutting down a machine, can be triggered.

Data Transmission: Processed and raw data are transmitted to the centralized server or cloud
platform via connectivity modules.

Centralized Processing & Analysis: The data analytics engine further analyzes the data. This might
involve trend analysis, predictive analytics, or aggregation with other data sources.

Action & Feedback Loop: Insights derived from the analysis can lead to actions, either automated or
manual. For instance, if the analytics predict a machine failure in the next week, maintenance can be
scheduled.

Visualization & Monitoring: The processed data and insights are presented to users via the Ul,
allowing for monitoring, manual interventions, and strategic decision-making.

The loT system architecture gives a comprehensive view of how various components interact,
ensuring efficient data collection, processing, and action. This detailed architecture provides a basis
for understanding how the system operates within the context of food processing and how it can be
adapted or scaled for various applications.

6. Implementation

The implementation phase unfolds in a step-by-step process, beginning with needs assessment and
planning, device selection, system design, and configuration. Integration with existing infrastructure,

establishing connectivity, and software configuration follows.

Temp Humidity

Power Supply Unit 5V Regulator

WIFI Module

Figure.2: loT-based Food Monitoring System
Testing, calibration, staff training, and system handover complete the implementation cycle.

Challenges faced during the process, including integration with legacy systems, network instability,
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data overload, and security concerns, are addressed with pragmatic solutions. The implementation

serves as a blueprint for seamlessly incorporating 10T into food processing setups.

AV

Sensor Value >=
Threshold

Figure.3: Flow Diagram

The loT-based Food Monitoring System comprises (Figure.2.) several interconnected components to
ensure the safe storage and quality monitoring of food items. It all begins with the food items
themselves, which are equipped with sensors to measure essential parameters like temperature,
humidity, and in some cases, gas emissions indicative of freshness or spoilage. These sensors
transmit data to a microcontroller, typically an Arduino or Raspberry Pi, which serves as the
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system's central processing unit. The microcontroller not only gathers and processes data from the

sensors but also manages any connected actuators like fans or heaters to control environmental
conditions around the food items. The next critical element is the 10T Communication Module,
which facilitates the transfer of data from the microcontroller to the cloud platform. This module can
utilize various communication protocols such as Wi-Fi, Ethernet, Cellular, or LoORaWAN, depending
on the system's requirements and location. Once the data arrives in the Cloud Platform, which could
be hosted on major cloud services like AWS, Azure, or Google Cloud, it is stored securely and
undergoes further processing. The Cloud Platform plays a pivotal role by offering storage, data
analysis, and hosting essential services. Data is meticulously examined for patterns, anomalies, and
predictive insights. This analysis aids in monitoring food quality, detecting potential issues, and
generating alerts or reports. The final piece of the puzzle is the User Interface, typically accessible
through a web or mobile application. It provides users with real-time access to data, allowing them

to check the status of their food items remotely.
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Figure.4: 10T Based Food Controlling and Monitoring System
Users can receive alerts or notifications regarding any adverse conditions that may jeopardize food
safety or quality, enabling them to take timely action. In essence, this loT-based Food Monitoring

System offers a comprehensive solution for food safety and quality assurance by continuously
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monitoring and ensuring optimal conditions for food items and granting users convenient access to

critical information. The flow diagram for an loT-based Food Monitoring System outlines a series of
interconnected steps that enable the continuous monitoring and management of food items as shown
in Figure.3. It all begins with "Data Acquisition,” where sensors strategically placed near or within
the food items collect vital data, including temperature, humidity, and potentially gas emissions
related to freshness or spoilage. This data is then processed by a microcontroller in "Sensor Data
Processing,” which may involve calibration and validation to ensure accuracy. In some instances, the
microcontroller initiates "Environmental Control™ actions, such as activating fans or heaters to
maintain ideal storage conditions for the food items. Following this, the processed data is transmitted
to the cloud platform in "Data Transmission to Cloud" via IoT communication modules utilizing
various protocols like Wi-Fi, Ethernet, or Cellular. Upon reaching the "Cloud Data Processing"
stage, the data undergoes further validation and normalization, preparing it for storage in a database.
This is where the system's analytical prowess shines. "Data Storage and Analysis" involves
sophisticated algorithms and techniques to monitor trends, identify anomalies, and provide
predictive insights concerning food quality and safety. In "Alert Generation," the system generates
alerts if it detects critical deviations from optimal conditions, serving as an early warning system.
Finally, the "User Interface" allows users to access the system through web or mobile
applications.Here, users can monitor real-time information about the status of food items,
environmental conditions, and any alerts generated by the system. Figure.4. shows the 10T Based
Food Controlling and Monitoring System. This comprehensive flow diagram underscores the
seamless cycle of data acquisition, processing, analysis, and user interaction within an loT-based
Food Monitoring System. It ensures that food items are continually monitored under optimal
conditions, while users receive timely information to make informed decisions and maintain food
safety and quality.

7. Results& Discussion

The results section presents data analysis from the implemented loT system, encompassing
temperature monitoring, pH level analysis, machine operational efficiency, and resource
consumption. Observations highlight enhanced quality control, operational efficiency, and economic
benefits, resulting from real-time monitoring and data-driven decision-making. A comparison with
traditional systems underscores the transformative shift IoT brings, from reactive approaches to
proactive and predictive strategies.

Data Analysis from the Implemented System: Following the implementation of the lIoT system, a
significant amount of data was collected across various aspects of the food processing setup. Here's a
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breakdown.

Temperature Monitoring: Average storage temperature was maintained at 4.2°C, well within the
optimal range for perishable goods. Less than 0.5% fluctuation was observed, highlighting the
system's capability to maintain consistent conditions.

pH Level Analysis in Fermentation: The average pH level during fermentation processes was 4.6,
ideal for products like yogurt and certain cheeses. Instant feedback loops ensured the pH never

deviated more than 0.1 from the set threshold.

Temperature in degress Relative humidity %(gm/cm3)

Figure.5: Temperature and Relative humidity for different grains

Machine Operational Efficiency: With predictive maintenance, machine downtime reduced by 35%
over a span of six months. Equipment longevity and performance metrics saw an improvement of
approximately 15%.

Resource Consumption: Water usage saw a decline of 20% due to efficient monitoring and waste
reduction. Energy consumption was optimized, leading to a 25% reduction in energy bills.

The temperature and relative humidity requirements for storing different grains can vary depending
on the type of grain and the desired storage duration. Proper storage conditions are crucial to prevent
spoilage, insect infestations, and mold growth. Here are some general guidelines for temperature and
relative humidity for common grains that as shown in Figure.5. The storage of various grains
requires specific temperature and relative humidity conditions to ensure their quality and prevent
spoilage or insect infestations. For rice, it's recommended to store it at temperatures below 40°F
(4°C) with a relative humidity (RH) of 12-14% to keep it dry and free from moisture-related issues.
Wheat should be kept below 60°F (15°C) with an RH of 60-70% to maintain its milling and baking
quality. Corn should be stored under 50°F (10°C) to prevent mold growth, with an RH of 13-14%.
Barley also requires temperatures below 60°F (15°C) and an RH of 12-14%, while oats should be
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stored below 50°F (10°C) with an RH of 12-14%. Soybeans, millet, and other grains have similar

temperature and humidity requirements, generally needing cool temperatures and low humidity
levels to prevent damage and spoilage. Regular monitoring and adjustments are crucial for
successful grain storage. Specific recommendations may vary depending on grain variety and local

conditions, so consulting with experts is advisable for precise guidance.

14
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13.6
13.4
13.2

13
12.8
12.6
12.4

Rice Wheat Rava Maida

Figure.6. % of moisture content in food product

The moisture content of foods varies widely depending on the type of food, its composition, and
how it's processed or prepared. Moisture content is typically expressed as a percentage of the total
weight of the food. Here are some general ranges of moisture content for different types of foods as
shown in Figure.6.

The moisture content of various foods varies significantly, with each type of food having its own
characteristic range. Fresh fruits and vegetables typically possess a high moisture content, ranging
from 80% to 95% or even higher. Meat and poultry contain moderate moisture levels, typically
between 50% and 75%, depending on the specific cut. Fish and seafood are also known for their
high moisture content, often falling between 70% and 80%. Dairy products, such as milk and yogurt,
typically contain 85% to 90% moisture, while cheese can vary widely, ranging from 30% for hard
cheeses to 80% for soft ones. Grains and cereals, in their dry form, usually have lower moisture
levels, around 10% to 15%, but this increases significantly when cooked. Nuts and seeds maintain
relatively low moisture content, generally between 2% and 10%, while snack foods like potato chips
and crackers maintain low moisture levels, often less than 5%. These moisture content values serve
as crucial factors influencing food preservation, quality, and safety, closely monitored in the food
industry to ensure product stability and shelf life.

=T NN - -
Faed JEFANS 280
- ; -
Iinternational Journal of
1 W Food And Mutritionol Sciences
SaaTiLnnanesiER SL TR ete Al Sss oS ianien o me e




[JFANSINTERNATIONALJOURNALOFFOODANDNUTRITIONALSCIENCES

ISSNPRINT231917750nline23207876

Researchpaper ORI PANINNW HERI IR IU GCCAREListed(Group-1)JournalVolume10,1ss03,Feb-2021]
Observations and Insights Drawn from the Data

Enhanced Quality Control: The consistent conditions maintained by the 10T system, whether it's
temperature, humidity, or pH, ensures a uniform product quality. This reduces product recalls and
improves consumer trust.

Operational Efficiency: The real-time monitoring and feedback loops allow for instant adjustments,
streamlining processes, and minimizing wastage.

Economic Benefits: The reduced downtimes, optimized resource usage, and waste reduction translate
to significant cost savings.

Predictive Insights: The system not only provides real-time data but, with the power of analytics,
can offer predictive insights. This is evident in the reduced machine downtimes and preemptive
maintenance schedules.

Comparison with Traditional Systems

Reactivity vs. Proactivity: Traditional systems often operate on a reactive basis, addressing issues as
they arise. The loT system, with its predictive capabilities, shifts the paradigm to a proactive
approach, anticipating and mitigating issues before they escalate.

Data Granularity: While traditional systems might record data at specific intervals, the 10T system
offers a much more granular, real-time view, giving a clearer picture of operations and allowing for
finer adjustments.

Remote Access and Monitoring: Unlike most traditional setups, the loT system provides the
advantage of remote monitoring. This means that even if key personnel are off-site, they can still
oversee operations, make decisions, and intervene if necessary.

Integration and Automation: Traditional systems often operate in silos, with different components
not effectively communicating with each other. The integrated nature of the IoT setup ensures a
cohesive operation, with various components working in tandem, automating many processes.
Benefits and Implications: The research's findings underscore the numerous benefits and
implications of loT integration in food processing. These encompass increased efficiency,
productivity, quality control, and waste reduction. Real-time monitoring and prompt decision-
making enable agile responses to challenges. Economic implications, including cost savings and
higher profit margins, underscore the tangible advantages of 10T integration.

Challenges and Limitations: The challenges encountered during implementation are detailed,
spanning integration with legacy systems, network instability, data overload, security concerns, and
device calibration. Limitations of the study, including its scope and generalizability, are
acknowledged, and areas for improvement are identified to address future research endeavors.

Future Scope: The future scope of 10T in food processing holds immense potential. Advancements

e, T AN 281
I&j. !;Eﬁ!ﬂ‘!;:ﬂﬂl Journu§




[JFANSINTERNATIONALJOURNALOFFOODANDNUTRITIONALSCIENCES

ISSNPRINT231917750nline23207876

Researchpaper ORI PN W[ Y B s e AU GCCAREListed(Group-1)JournalVolume10,1ss03,Feb-2021
may include Al and machine learning integration, augmented reality for maintenance and training,

blockchain for traceability, enhanced connectivity with 5G, and energy-efficient 10T devices.
Expansions in precision agriculture, automated warehousing, and improved transport and logistics
are expected. The broader role of 10T in the food industry spans consumer interaction, sustainability
and waste reduction, supply chain optimization, and regulatory compliance.

8. Conclusion

The convergence of food processing, an industry as ancient as civilization itself, with the cutting-
edge advancements of the Internet of Things (IoT), encapsulates the dynamism of our technological
era. This research embarked on an exploration into this convergence, aiming to understand the
transformative potential of 10T within the realm of food processing. Our study elucidated the
profound significance of food processing in bridging the agricultural realm with our daily
consumption needs. Within this context, the role of technology, and more explicitly 10T, emerged as
a paramount force, promising not only enhanced efficiency but also elevated quality and safety
standards. The implementation of 10T in a food processing setup highlighted tangible benefits: from
the real-time monitoring that ensured optimal conditions to predictive analytics that preemptively
addressed potential breakdowns. The comparison with traditional systems underscored the paradigm
shift 10T introduces, transitioning operations from reactivity to proactivity. However, like all
transformative journeys, the integration of 10T wasn't devoid of challenges. Technical hurdles, data
security concerns, and integration complexities emerged as key areas demanding attention. Yet,
solutions like middleware integrations, enhanced security protocols, and training initiatives
showcased the industry's resilience and adaptability. Peering into the horizon, the potential of 10T in
food processing seems boundless. With further integration of Al, advancements in connectivity, and
a broader application across the food supply chain, 10T is poised to redefine the very fabric of the
industry. Beyond mere economic benefits, the larger implications resonate with global challenges,
from sustainability to food security.
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