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Abstract— Smart Feast is an innovative Al-powered food waste management system designed to monitor
and reduce food waste in real-time. Utilizing a Raspberry Pi as the central processing unit, the system
integrates a variety of sensors, including the DHT11 for temperature and humidity monitoring, the MQ3 for
detecting bad odors, and the LDR for light condition assessment. The ADC module ensures accurate sensor
data collection. In the event of abnormal conditions, the GSM module sends timely alerts, while a buzzer
provides an immediate auditory warning. The system employs a Random Forest machine learning algorithm
to analyze sensor data and make intelligent decisions regarding the status of food waste.

Keywords - Food Quality Detection, Machine Learning (ML), Artificial Intelligence (Al), loT-enabled
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I. INTRODUCTION

Food waste (FW) is one of the world’s major crises in both developed and developing countries. Up to 1.3
billion tons of food across the globe is thrown away each year, accounting for one third of all food produced
for human consumption and presenting tremendous social, economic, and environmental challenges [1].
Rapid urbanization, population growth, and economic development have increased waste generated
worldwide in recent years. According to the latest statistics, 2.01 billion tonnes of municipal solid waste
was generated globally in 2016. This figure is expected to increase to 3.4 billion tonnes by 2050 (Kaza et
al. 2018). Unfortunately, 33% of solid waste is managed correctly and disposed of in illegal dumpsites or
unmonitored landfills (Kaza et al. 2018). Improper waste disposal poses many environmental and health
risks, such as groundwater contamination, land degradation, increased cancer incidence, child mortality,
and congenital disabilities (Triassi et al. 2015). In the past, waste management practices were more
rudimentary, with a small group of individuals collecting garbage from the streets and depositing it in
designated areas (Brancoli et al. 2020). Once the trucks were full, the waste was left in these designated
areas. However, with the advent of artificial intelligence, the waste management industry is experiencing
significant transformation toward achieving sustainability and profitability [2]. The system uses advanced
data analysis techniques combined with machine learning algorithms, specifically the Random Forest
algorithm, which is widely known for its high accuracy and ability to handle complex datasets efficiently.
By analyzing historical trends, current environmental conditions, and spoilage patterns, the algorithm can
predict and identify optimal storage conditions for various types of food items, ensuring they remain fresh
for a longer duration. This predictive capability allows Smart Feast to generate insights on whether food
items should be consumed soon or if storage adjustments are needed to maintain their quality. Additionally,
to ensure that users are alerted without any delays. This review article is based on a comprehensive analysis
of the existing literature on food waste, the circular economy, and the use of Al in the food industry. The
literature search includes academic and industry publications, reports, and other relevant sources. The
findings of this literature review are organized into specific sections that cover the potential applications of
Al for addressing food waste and circular economy challenges [3]. However, none of these approaches
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combines both techniques within a single 10T device for real-time meat freshness and species classification.
This study uniquely integrates camera-based image analysis and gas sensor readings, utilizing a dataset of
approximately 9,928 images and multiple classification models to assess freshness and species. In addition,
a comparative analysis was conducted between traditional machine learning models such as k-NN and SVM
and deep learning models, including a custom CNN and ResNet-50 [4].

Il. PROPOSED TECHNOLOGY

The proposed Smart Feast system presents a highly advanced and intelligent Al-powered solution aimed
at tackling the critical issue of food waste management by leveraging a seamless combination of cutting-
edge sensors, machine learning algorithms, and automated processes. Food waste has become an alarming
global challenge, leading to not only financial losses but also severe environmental degradation, resource
wastage, and increased greenhouse gas emissions. The Smart Feast system addresses these concerns by
ensuring real-time monitoring and predictive decision-making, helping to minimize food spoilage and
improve food storage efficiency. By integrating various high-precision sensors, such as DHT11, MQ3, and
LDR, the system is capable of continuously tracking key environmental parameters that significantly
influence the shelf-life of food items, ensuring that they remain in an ideal storage environment. These
sensors play an essential role in detecting temperature variations, fluctuations in humidity levels, exposure
to light, and the presence of odors or gases that indicate food degradation, all of which are crucial indicators
of food spoilage the system’s reliability under prolonged operation.

The DHT11 sensor monitors temperature and humidity levels, ensuring that perishable food items, such
as dairy products, fruits, and vegetables, are kept in an optimal environment. Sudden temperature spikes or
drops can accelerate the spoilage process, making it essential to have a continuous monitoring system that
alerts users to take necessary action. Additionally, humidity levels play a crucial role in preserving food, as
excess moisture can lead to mold growth and bacterial contamination, while low humidity levels can cause
dehydration and loss of freshness. The MQ3 sensor specializes in detecting gases such as ethanol and other
volatile organic compounds (VOCs) that signal food decomposition. The presence of these gases is often
associated with microbial activity, indicating that food is beginning to spoil. By catching these signs early,
Smart Feast helps users take action before the food becomes completely inedible, thereby reducing
unnecessary waste. Furthermore, the LDR sensor ensures that food storage conditions are protected from
excessive light exposure, which is particularly important for items like oils, dairy products, and certain
packaged goods that degrade when subjected to high-intensity light over prolonged periods. To enhance the
efficiency of food waste management, Smart Feast is powered by an advanced machine learning
algorithm—Random Forest—which is renowned for its high accuracy and reliability in analyzing complex
datasets. This algorithm processes vast amounts of sensor data, identifying patterns and trends in food
spoilage while continuously improving its accuracy over time.

The self-learning capability of this machine learning model ensures that the system becomes more refined
and efficient in identifying optimal storage conditions for various types of food, ultimately leading to better
decision-making and significantly reducing food wastage. Smart Feast also integrates a real-time alert
system to ensure that users receive instant notifications whenever unfavorable storage conditions are
detected.

If any abnormal variations in temperature, humidity, or gas levels are observed, the system triggers
immediate alerts through the GSM module, sending SMS notifications directly to users' mobile devices.
This feature is particularly beneficial for commercial kitchens, supermarkets, and food storage warehouses
where large quantities of perishable goods are stored, as it enables quick responses to prevent financial
losses due to spoilage. In addition to mobile notifications, the system is also equipped with a buzzer system,
which provides local audible alerts, ensuring that users present in the vicinity are immediately informed
about potential food spoilage risks. The dual notification system ensures that no critical alert goes unnoticed,
allowing timely interventions and reducing food waste effectively. With Smart Feast's automated approach,
food waste is handled proactively rather than reactively, allowing food establishments to optimize their
inventory usage, extend the shelf-life of perishable items, and improve overall operational efficiency.
Moreover, by preventing food from being discarded unnecessarily, Smart Feast contributes to
environmental sustainability by reducing landfill waste, lowering methane emissions, and promoting
responsible food consumption practices. The system's ability to provide predictive analytics for better
decision-making further enhances its practicality and usability. Rather than relying on estimations, users
gain data-driven insights into how environmental factors are affecting their food storage, enabling them to
adjust their storage conditions accordingly.
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I1l. COMPONENTS

The Raspberry Pi -it is a small, affordable single-board computer developed by the Raspberry Pi
Foundation, aimed at promoting computer science education.

Raspberry Pi models typically include a CPU, RAM, USB ports, HDMI output, and GPIO pins for
hardware projects. They run various operating systems, with Raspbian (now called Raspberry Pi OS) being
the most common.

The device can be used for a wide range of applications, from learning programming and building DIY
projects to powering home automation systems and creating media centers. Its community support and
extensive resources make it an ideal starting point for anyone interested in technology and programming.

Fig 1. Raspberry Pi

The MQ3 sensor — it is one of the most widely used in the MQ sensor series. It is a MOS (Metal Oxide
Semiconductor) sensor. Metal oxide sensors are also known as Chemi resistors because sensing is based on
the change in resistance of the sensing material when exposed to alcohol.

Fig 2. MQ3 sensor

Power supply - A step-down transformer converts the 230V AC into12v. The bridge rectifier is used to
change AC to DC. A capacitor is used to filter the AC ripples and gives to the voltage regulator. Finally,

voltage regulator regulates the voltage to 5V and finally, a blocking diode is used for taking the pulsating
waveform.

—— Transformer Rectiier Smoothing Reguiator ——»
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Fig 3. Power supply

GSM Module - SIM900A GSM Module is the smallest and cheapest module for GPRS/GSM
communication. It is common with Arduino and microcontroller in most of embedded application. The
module offers GPRS/GSM technology for communication with the uses of a mobile sim. It uses a 900 and
1800MHz frequency band and allows users to receive/send mobile calls and SMS. The keypad and display
interface allows the developers to make the customize application with it. Furthermore, it also has modes,
command mode and data mode. In every country the GPRS/GSM and different protocols/frequencies to
operate. Command mode helps the developers to change the default setting according to their requirements.
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Fig 4. GSM Module

The DHT11 is a basic, low-cost digital temperature and humidity sensor. It uses a capacitive humidity
sensor and a thermistor to measure the surrounding air, and spits out a digital signal on the data pin (no
analog input pins needed). It’s fairly simple to use, but requires careful timing to grab data. The only real
downside of this sensor is you can only get new data from it once every 2 seconds.

Fig 5. DHT11

LCD is Liquid Crystal Display - it is a passive device, which means that it does not deliver any light to
display characters, animations, videos, etc. LCD uses fluorescent tubes to lighten the picture, but can’t
provide a clearer picture as LED delivers. It consists of millions of pixels made of crystal and arranged in a
rectangular grid. In LCD it has backlights that provide light to each pixel. Each pixel has-a red, green, and
blue (RGB) sub-pixel that can be turned on or off. When all of the sub-pixels are turned off, then it’s black
and when all the sub-pixels are turned on 100%, then it’s white.

Fig 6. LCD

A Light Dependent Resistor (also known as a photoresistor or LDR) is a device whose resistivity is a
function of the incident electromagnetic radiation. Hence, they are light-sensitive devices. They are also
called as photoconductors, photoconductive cells or simply photocells. They are made up of semiconductor
materials that have high resistance. There are many different symbols used to indicate a photoresistor or
LDR, one of the most commonly used symbols is shown in the figure below. The arrow indicates light
falling on it.

Fig 7. Light Dependent Resistor
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Buzzer The piezo, also known as the buzzer, is a component that is used for generating sound. It is a digital
component that can be connected to digital outputs, and emits a tone when the output is HIGH.
Alternatively, it can be connected to an analog pulse-width modulation output to generate various tones and
effects.

Fig 8. Buzzer

Power supply
DHT11 Sensor

LDR Sensor

MQ3 sensor

IV. BLOCK DIAGRAM

Raspberry Pl

Fig 9. Block Diagram
V. Random Forest Algorithm in Machine Learning

Random Forest is a supervised learning algorithm used for both classification and regression tasks. It
builds multiple decision trees and merges them to get a more accurate and stable prediction. A Random
Forest is an ensemble learning technique that combines multiple Decision Trees to make predictions. It
operates by constructing several decision trees during training and -outputs the mode of the classes
(classification) or the mean prediction (regression) of the individual trees.

Functions of Random Forest

Feature Selection: Identifies the most important features for prediction by observing which features
contribute most to splitting nodes in decision trees. Classification & Regression: Can be used for
predicting categorical outputs (classification) and continuous outputs (regression). Handling Missing
Values: Random Forest can maintain accuracy even if a large proportion of the data is missing. Outlier
Detection: It can be used to detect anomalies by analyzing the model’s prediction errors. Overfitting
Prevention: The averaging of multiple decision trees helps to reduce the risk of overfitting.

IJCRT25A4668 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ 0236


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882

Random Forest Algorithm =2
in Machine Learning

Training Data

A v 5 4
‘ Bagging (voting majority) |

Testing ~ 5 l

Prediction output ‘

Class A

Fig 10. Random Forest Algorithm
Process of Random Forest Algorithm
Data Preparation:

e Gather and preprocess the dataset (handling missing values, encoding categorical data, feature
scaling, etc.).

Bootstrap Sampling (Bagging):
e Randomly select subsets of data (with replacement) from the original dataset to create several
datasets.
e Each dataset is used to train an individual decision tree.
Building Decision Trees:
e For each subset, build a decision tree using a random subset of features.
e Unlike normal decision trees, not all features are considered for splitting at each node (a random
subset is selected).
Prediction:
e The final prediction is determined based on aggregation results (majority voting or averaging).

Evaluation:

e Measure performance using metrics like Accuracy, Precision, Recall, F1-score (for classification), or
Mean Squared Error, R2 score (for regression).
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VI. FLOWCHART

Flempersturefhumid ity

Read Termperstue &
is high = Trigger GEM for akert

" Huricity [DHT1 Sensar] T
e Acugiz Buzzer . .
necessany Dispay dzta on LCD
Bead Ca
Start A — S |_. .2;1.. Gas Lawels L
M3 Sensor]
G s et BodsboniMaking £ F ges bawed eezesds threshekl Cole A hcten
Activate buzzer and sand akart .
|, Read Light intansity lapeat Process
ILDR Sansor)
. Fead Gas Levels BT IF Rght levelis low Serd Alert via GSM
IM23 Sensar) presdt red Hiesheol o Display status on LCD

Fig 11. Flowchart
VIl. FUTURE USE
Advanced Analytics and Data Integration

With the growing availability of data and the increasing sophistication of analytics tools, we can expect to
see more advanced Al algorithms that can process and analyze large volumes of data from various sources,
providing more accurate and comprehensive insights into food waste generation and prevention.

Integration with Other Technologies

Al food waste management technologies can be integrated with other technologies such as blockchain and
loT to enable more seamless and efficient tracking of food waste throughout the supply chain. This can
enhance transparency and traceability while also improving 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. Al algorithms can be used to optimize these processes,
improving overall performance.

Expansion of Food Waste Reduction Programs

As public awareness of food waste continues to grow, we can expect to see an expansion of food waste
reduction programs at the local, national, and international levels. Al-based technologies can play a key role
in supporting these initiatives, providing data-driven insights into food waste generation and prevention.

Increased Collaboration and Partnerships

Collaboration and partnerships between businesses, organizations, and governments can help drive the
development and adoption of Al food waste management technologies. These collaborations can enable the
sharing of data, resources, and expertise, resulting in more effective and sustainable solutions. As Al food
waste management technologies continue to evolve and improve, we can expect to see significant
advancements in the way we manage food waste. With the potential to improve efficiency, reduce costs,
and promote sustainability, these technologies will play a critical role in creating a more sustainable and
resilient food system.

VIIl. DISCUSSION

Food quality detection and management is a crucial aspect of ensuring public health and reducing food
wastage. Traditional methods of quality assessment rely heavily on manual inspections, chemical tests, and
sensory evaluation, which are often time-consuming, costly, and prone to human errors. With advancements
in artificial intelligence and machine learning (ML), automated food quality detection systems have
emerged as a reliable alternative. Smart Feast is an ML-powered system designed to enhance food quality
monitoring and management through real-time data analysis, predictive modelling, and automated decision-
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making. By leveraging image processing techniques, the system can detect spoilage patterns in food
products, analyze texture variations, and identify potential contaminants. One of the primary advantages of
Smart Feast is its ability to provide continuous monitoring and instant feedback. loT-enabled sensors collect
real-time data, which is transmitted to cloud-based ML models for analysis. The system can detect
deviations from ideal storage conditions and alert users through mobile applications or automated
notifications.

The ML algorithms utilized in Smart Feast include convolutional neural networks (CNNs) for image
classification, support vector machines (SVMs) for quality grading, and recurrent neural networks (RNNS)
for predictive analysis. Another essential feature of Smart Feast is its application in supply chain
management. By integrating blockchain technology, the system ensures traceability and transparency in
food distribution. Each food item is assigned a digital identity, and its quality status is recorded at every
stage of the supply chain. This prevents fraudulent practices, enhances consumer trust, and ensures
compliance with regulatory standards. By combining ML, loT, and blockchain technologies, it offers a
scalable and efficient solution to minimize food wastage, enhance safety, and optimize storage conditions.
Future developments may include integrating Al-powered robotics for automated quality inspections and
expanding the system’s capabilities to detect emerging contaminants.

IX. CONCLUSION

The Smart Feast system represents a paradigm shift in food quality detection and management, leveraging
ML-driven automation to enhance food safety, reduce wastage, and optimize storage conditions. The ability
to integrate 10T sensors, real-time monitoring, and predictive analytics makes Smart Feast an invaluable
tool for multiple industries. By ensuring a proactive approach to food quality assessment, businesses and
regulatory bodies can minimize contamination risks, ensure compliance with safety standards, and optimize
inventory management.

A major advantage of Smart Feast is its ability to adapt and evolve. The use of deep learning and
reinforcement learning models allows the system to continuously refine its predictive capabilities. As new
threats to food quality emerge, such as novel bacterial strains or chemical contaminants, the system can be
updated with new training data to maintain accuracy and reliability. Additionally, the integration of
blockchain technology enhances traceability, ensuring that every stakeholder in the supply chain has access
to transparent and tamper-proof food quality records.

The scalability of Smart Feast also makes it ideal for future advancements. Emerging technologies such
as edge computing and 5G connectivity can further enhance its capabilities by enabling faster data
processing and reducing reliance on cloud computing. Al-powered robotics can be incorporated into the
system for automated inspections in food processing plants, ensuring even greater efficiency in quality
control. Additionally, wearable technology could be integrated to provide real-time feedback to food
handlers, ensuring adherence to hygiene standards and reducing contamination risks.

In conclusion, Smart Feast is a game-changing innovation that combines machine learning, IoT, and
blockchain technology to revolutionize food quality detection and management. By providing accurate,
real-time assessments and predictive analytics, it empowers businesses, regulatory bodies, and consumers
to make informed decisions about food safety. As technology continues to evolve, Smart Feast has the
potential to expand its capabilities, ensuring a smarter, safer, and more sustainable global food supply chain.

X. REFERENCES

[1] Bunditsakulchai P., Liu C. (2021). Integrated strategies for household food waste reduction in Bangkok.

Sustain. For. 13:7651. doi: 10.3390/su13147651 [DOI] [Google Scholar].

[2] Fang B., Yu J., Chen Z., Osman A. I, Farghali M., Ihara I., et al. (2023). Artificial intelligence for waste

management in smart cities: a review. Environ. Chem. Lett. 21, 1959-1989. doi: 10.1007/s10311-023-

01604-3, PMID: [DOI] [PMC free article] [PubMed] [Google Scholar].

[3] 0 et al. (2023). Using artificial intelligence to tackle food waste and enhance the circular economy:

maximising resource efficiency and minimizing environmental impact: a review. Sustain. For. 15:10482.

doi: 10.3390/su151310482 [DOI] [Google Scholar].

[4]Zarif Wasif Bhuiyan, Syed Ali Redwanul Haider; Adiba Hague; Mohammad Rejwan Uddin; Mahady

Hasan. “IoT Based Meat Freshness Classification Using Deep Learning”

Volume-12, Date of Publication: 18 December 2024 DOI: 10.1109/ACCESS.2024.3520029.
IJCRT25A4668 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ‘ 0239



http://www.ijcrt.org/
https://ieeexplore.ieee.org/author/37089996289
https://ieeexplore.ieee.org/author/37089993229
https://ieeexplore.ieee.org/author/37089994209
https://ieeexplore.ieee.org/author/37090024431
https://ieeexplore.ieee.org/author/37086467552
https://ieeexplore.ieee.org/author/37086467552
https://doi.org/10.1109/ACCESS.2024.3520029

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 4 April 2025 | ISSN: 2320-2882

[5] Anggraeni M. C., Silaban C. A., Anggreainy M. S., Cahyadi E.(2021). “Role of artificial intelligence in
the management of food waste,” in 2021 2nd International Conference on Artificial Intelligence and Data
Sciences (AiDAS). IEEE.

[6] Bux C. (2024). Conventional and digital technologies for measuring and monitoring food waste in the
healthcare foodservice. J. Foodserv. Bus. Res. 12, 1-23. doi: 10.1080/15378020.2024.2394730, PMID:
39723700 [DOI] [Google Scholar].

[7] Bux C., Amicarelli V. (2024). “Blockchain technology and material flow analysis to track food waste
and enhance food security and sustainability” in Fintech and green investment: Transforming challenges
into opportunities. eds. Nguyen C., Hoang K., Gan C. (London: World Scientific Publishing Europe Ltd.),
79-105. [Google Scholar].

[8] Marvin H. J., Bouzembrak Y., Van der Fels-Klerx H. J., Kempenaar C., Veerkamp R., Chauhan A., et
al. (2022). Digitalisation and artificial intelligence for sustainable food systems. Trends Food Sci. Technol.
120, 344-348. doi: 10.1016/j.tifs.2022.01.020 [DOI] [Google Scholar].

[9] Nu Y., Belavina E., Girotra K. (2024). Using artificial intelligence to reduce food waste. SSRN
31:4826777. doi: 10.2139/ssrn.4826777, PMID: 39618929 [DOI] [Google Scholar] .

[10] Munish Bhatia 2, Tariq Ahamed Ahanger °

Intelligent decision-making in Smart Food Industry: Quality perspective , Volume 72, April 2021, 101304
https://doi.org/10.1016/j.pmcj.2020.101304

IJCRT25A4668 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 0240


http://www.ijcrt.org/
https://www.sciencedirect.com/journal/pervasive-and-mobile-computing/vol/72/suppl/C
https://doi.org/10.1016/j.pmcj.2020.101304

