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ABSTRACT

The worldwide retail sector loses $161 billion yearly due to perishable food waste, a situation in which inadequate
inventory management, notably manual expiration tracking, is directly responsible for 42% of retail losses. This paper
addresses the "rotting profit problem™ front on, linking Nahmias' basic decay dynamics theory to the revolutionary
potential of Internet of Things (IoT) operational frameworks. While previous research gave theoretical promise and
isolated case studies, this study provides the first large-scale, rigorous calculation of the return on investment possible
with loT-enabled real-time monitoring for perishables. Using a quasi-experimental methodology, the investigation
analyzes 50 perfectly matched supermarket chains over 12 months—25 using 10T sensor networks and predictive
analytics, and 25 using traditional FIFO or LIFO systems. The granular data streams included spoiling rates, loT
system alert reaction times, dynamic price modifications, and operational expenses. Advanced difference-in-
differences analysis shows that loT-driven dynamic allocation, informed by continuous shelf-life monitoring and
predictive decay modeling, outperforms traditional techniques. Most importantly, the approach reduced spoilage costs
by 38% when compared to FIFO alone, while also improving service levels and markdown efficiency. For example,
chains that use real-time data might dynamically route perishables approaching expiration to high-demand areas or
trigger opportune promotions, increasing value recovery. This study provides irrefutable empirical evidence that 10T
integration is a fundamental step forward in optimizing perishable inventory, resulting in significant financial savings,
improved operational resilience, and significant contributions to sustainability goals. The findings provide a
convincing framework for modernizing retail operations in the digital age.

Keywords: Perishable Inventory Management, Food Waste Reduction, Internet of Things (loT), Real-Time
Monitoring, Spoilage Costs, Dynamic Allocation, FIFO vs. 10T, ROI Quantification, Retail Operations, Supply Chain
Optimization.

1. INTRODUCTION
PERISHABLE INVENTORY MANAGEMENT IN THE DIGITAL AGE

The Rotting Profit Problem

The "rotting profit problem" is a recurrent and costly problem for the worldwide retail industry: how to effectively
handle perishable inventory. Even though technology has come a long way and supply chain methods have gotten
better, 68% of merchants still rely on manual expiration tracking systems (Gartner, 2023). This dependence creates
built-in weaknesses, such as the possibility of human mistakes, inevitable delays in reaction times, and systemic
inefficiencies that spread across the supply chain. These inefficiencies have huge effects on the bottom line. The Food
and Agriculture Organization (FAO, 2023) says that throwing away perishable food costs the world about $161 billion
a year. Critically, over 42 percent of this waste appears directly at the retail stage, signifying a direct damage to
profitability and operational efficiency (National Retail Federation [NRF], 2024). In addition to the immediate
economic costs, the amount of food that goes bad has serious effects on the environment, such as resource depletion
and greenhouse gas emissions. It also makes social problems associated with food poverty worse and puts a lot of
strain on distribution networks. This combination of circumstances searches for new solutions more than just a way to
save money; it becomes a strategic necessity for long-term business.

New technologies, especially advanced Internet of Things (IoT) solutions, have a clear promise to fix these problems.
For example, Walmart's test use of IoT-enabled monitoring in their dairy supply chain resulted in a 29% drop in waste
(Wall Street Journal [WSJ], 2024). This achievement shows how real-time sensing, predictive analytics that send out
alerts when they are needed, and automated data collecting systems may change the way things work. These
technologies make it possible to see operations in ways that were never possible before and make it possible to make
decisions based on data at key points. These advancements raise a crucial and pressing research inquiry: To what
degree can real-time sensing technologies and IoT-based analytics fundamentally address the inherent deficiencies of
conventional perishable inventory management systems? Successfully answering this question has far-reaching effects
that go beyond just making companies more profitable. It also has to do with important global issues like food
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security, making the value chain more efficient, and creating truly sustainable supply chain practices for perishable
goods.

Theoretical Anchoring

This study is grounded by two strong and complementary theoretical frameworks: the established principles of
perishable inventory management and the emerging paradigm of smart logistics facilitated by the Internet of Things
(IoT). Nahmias (2011) offers essential insights into the intricate dynamics of decay, highlighting how elements like
product-specific perishability rates, inherently stochastic consumer demand patterns, and fluctuations in lead times
collectively influence inventory turnover efficiency and subsequent loss rates. This classical view clearly shows the
main problems that come with managing goods with limited shelf lives. One major problem is that traditional
inventory methods, like FIFO (First-In, First-Out) and LIFO (Last-In, First-Out), often don't work well with nonlinear
decay processes or the changing, real-time variability that happens in real retail settings.

Gaukler et al. (2020) build on this important foundation to come up with the idea of "smart logistics." This paradigm
envisions the purposeful utilization of IoT technology to develop highly responsive, data-driven supply chains. IoT
designs make it possible to dynamically optimize inventory flows by seamlessly connecting sensor networks, powerful
predictive analytics engines, and automated warning systems. This capacity leads to real benefits, such as lower
spoiling rates and the ability to make highly educated, typically automated, judgments about when to restock. This
study presents a new analytical framework called Digital Shelf-Life Optimization (DSLO) to bring together these
different but related points of view. DSLO envisions the systematic amalgamation of continuous sensor-based
condition monitoring, advanced predictive decay modeling, and automated operational interventions into a cohesive
framework. The goal of this framework is to cut down on waste and get the most value out of perishable goods as they
move from the distribution center to the point of sale.

To put the big economic stakes into context, Table 1 shows a thorough assessment of the yearly expenses of food
waste by key perishable categories: fruit, dairy, and meat. This detailed perspective shows which sectors might benefit
the most from initiatives like DSLO in terms of saving money and improving operations. Along with this economic
point of view, Figure 1 shows a conceptual diagram of the architecture of an IoT-enabled system for managing
perishable inventories. This picture shows the sequence from putting sensors in place to collect real-time data about
products and the environment, to getting and sending that data, to using predictive analytics to create warnings and
make automatic inventory changes. The ultimate goal, as shown, is to achieve demonstrable waste reduction results in
retail and distribution networks. Together, these theoretical frameworks and real-world examples make a strong case
for looking into DSLO as a tool that may change the way we handle perishable inventories.
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Figure 1. IoT Perishable Management System Architecture
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Table 1. Food Waste Costs by Category
Category Annual Loss (USS$ Billion) Retail Share (%)
Produce 62 40
Dairy 48 35
Meat 51 50
Source: FAO (2023); National Retail Federation (2024).
2. LITERATURE REVIEW

BRIDGING THEORY AND TECHNOLOGY IN PERISHABLE INVENTORY MANAGEMENT
Perishable Inventory Theory: Basics and Problems

The theoretical foundations of perishable inventory management are a fundamental aspect of operations research,
addressing the intrinsic complexity arising from product deterioration, unpredictable customer demand, and limited
shelf life. Nahmias (2011) created a groundbreaking framework for decaying inventory models by carefully looking at
how the pace of product degradation affects replenishment procedures to find the best order amounts and times. These
models highlight the significant trade-offs that managers face: overstocking increases the risk of spoiling and
subsequent financial loss, whereas understocking leads to missed sales opportunities and potential harm to consumer
loyalty and brand reputation. Karaesmen et al. (2015) built on this base by creating perishable revenue management
models that included dynamic pricing strategies, judgments on how to allocate inventory, and clear considerations of
loss. Their research shows that techniques to maximize revenue need advanced modeling that can account for both
demand uncertainty and the fact that decay processes are frequently nonlinear. But there is still a big problem: these
important theoretical models often depend on manual or static inventory monitoring assumptions, which have not been
verified much in real-world retail settings where conditions change all the time.

As a result, an important empirical gap still exists. Theoretical frameworks propose feasible strategies for reducing
waste and enhancing income through optimal policies; nevertheless, substantial empirical data quantifying the tangible
cost reductions attainable through real-time technology interventions in intricate retail processes are limited. This gap
is very important because of the huge costs to the environment and the economy that come from mismanaging
perishable inventories in the global retail industry. The continued dependence on basic approaches like FIFO and
LIFO, despite their known shortcomings in managing fluctuating decay rates, highlights the disparity between
theoretical promise and actual use.

IoT in Operations: Transformative Potential and Measurement Gaps

Recent research has thoroughly examined the revolutionary utilization of Internet of Things (IoT) technology to
improve operational efficiency, emphasizing supply chain resilience and retail performance. Gaukler et al. (2020)
conduct a comprehensive examination of RFID-enabled supply chains, empirically illustrating how real-time sensing
capabilities, automated tracking systems, and seamless data integration markedly improve supply chain visibility,
mitigate expensive inventory discrepancies, and enhance responsiveness to fluctuating demand patterns. In addition,
DeHoratius and Raman (2020) look at widespread gaps in retail execution and find important operational blind spots
such as mismatched replenishment cycles, delays in stocking shelves, and not following planogram layouts. Their
analysis shows that these inefficiencies directly make spoilage rates worse and add a lot to the unnecessary waste in
the perishables category. All of these studies together make a compelling case that IoT technology might change the
way perishable items are managed in a big way. IoT systems provide a means to substantially reduce waste by
facilitating dynamic, data-driven interventions. These include modifying inventory management procedures, initiating
just-in-time replenishment, or applying targeted markdowns informed by real-time shelf-life assessments.

Despite strong theoretical backing and useful case studies, there is still a lack of thorough quantitative empirical
validation of IoT-driven cost savings for perishable goods on a large scale. The existing literature frequently
underscores operational efficiency metrics—such as enhancements in inventory record accuracy or increases in order
fulfillment rates—without methodically correlating these intermediate improvements to measurable decreases in actual
product spoilage, direct financial losses, or more extensive environmental consequences, such as a diminished carbon
footprint from waste. This measurement gap underscores the essential requirement for research that not only
amalgamates IoT functionalities with conventional perishable inventory theory but also utilizes rigorous
methodologies to empirically assess the economic and operational ramifications of real-time sensing systems in
various large-scale retail contexts. The new 50-chain research referenced in the main article begins to meet this
demand by giving large-scale comparison data on how to reduce spoilage.
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Framework for Conceptual Integration: Bringing together theory and technology

This study provides a unique conceptual integration framework (Figure 2) to address the gap between existing
perishable inventory theory and the rising possibilities of IoT applications. This framework integrates three essential
domains: classical decay dynamics as conceptualized by Nahmias (2011), sophisticated revenue management
principles delineated by Karaesmen et al. (2015), and the real-time sensing and analytics functionalities facilitated by
IoT technologies as analyzed by Gaukler et al. (2020). The synthesis produces a single model called Digital Shelf-Life
Optimization (DSLO). DSLO clearly shows the ways that continuous, loT-enabled monitoring—collecting data on
temperature, humidity, gas composition (such as ethylene for produce), and product movement—can help make
important judgments and improve them over time. These decisions include when and how much to restock, how to
change prices depending on how much shelf life is left in real time, and the best strategies to get rid of or move things
that are about to expire.

The DSLO framework connects theoretical decay models to detailed operational data from sensors. This makes it both
a prescriptive tool for advising the best actions and a diagnostic tool for checking how well the system is working. It
gives retailers a structured way to measure the real financial benefits (like fewer write-offs and more sales of items
that are about to expire) and waste-reduction results that can be achieved through targeted IoT interventions. This goes
beyond just theoretical promise and shows real results. Figure 2 shows this integrative flow visually, with DSLO at the
center of where perishable inventory theory and real-time operational intelligence intersect.
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Figure 2. Conceptual Integration Framework for IoT-Enhanced Perishable Management (DSLO)

3. METHODOLOGY
EMPIRICAL FRAMEWORK FOR EVALUATING IOT IMPACT ON PERISHABLE WASTE
Research Design: Guaranteeing Causal Inference in Practical Contexts

This study used a quasi-experimental methodology to meticulously evaluate the influence of IoT-enabled inventory
management systems on the reduction of perishable waste in various retail settings. A precise matching technique was
used to methodically choose the retail chains that would take part in the study. This was done to make sure that the
intervention group (which used IoT monitoring) and the control group (which kept using traditional management
approaches) could be compared fairly. Chains were compared on three important factors: operational scale (£15%
tolerance in annual revenue), perishable product exposure (5% tolerance in perishable sales as a percentage of total
revenue), and geographic footprint (matched regional distribution to account for differences in climate, logistical
infrastructure, and consumer buying habits). This careful matching procedure reduces selection bias, which makes us
sure that the variations in performance we see are due to IoT adoption and not to features of the company or market
that were already there.
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Data collection used a two-track method that was customized for the way each group worked. For chains that use IoT
systems, granular telemetry datasets were collected. These included sensor deployment schematics for distribution
centers and stores, timestamped logs of alerts for changes in environmental conditions (like temperature and
humidity), notifications of predicted shelf life, and records of operational responses that followed, such as markdowns
or transfers between stores. Control group data includes standard trash manifests, manual expiration tracking logs, and
periodic inventory audit records. This sets a solid basis for standard performance indicators. Combining these several
data streams—high-frequency IoT telemetry and regular operating records—made a strong, multi-dimensional
empirical base. This integration enables accurate comparison analysis while documenting the dynamic interaction
between technical capacity and management action, which is crucial for uncovering the causal mechanisms that drive
waste reduction.

Analytical Approach: Measuring Performance and Economic Impact

The analytical approach focuses on three indicators that are linked to each other and are meant to measure how well
IoT initiatives function in terms of operations and finances. The spoilage rate per $1 million of perishable inventory is
the main way to measure how well the technology can keep product value. Markdown efficiency measures how well a
store can dynamically price perishables that are about to go bad. It is the ratio of the revenue recovered through
targeted markdowns to the possible write-off value. The stockout-spoilage tradeoff index measures how well the
system balances two risks that are opposite: losing sales because there isn't enough inventory and losing money
because too much inventory goes bad. This statistic shows the important optimization problem that comes with
managing perishable goods. IoT data gives us a new level of detail for dealing with this problem.

A difference-in-differences (DiD) econometric model was used to find the direct effect of IoT adoption. This model
analyzes the change in the main performance measures (spoilage rate, markdown efficiency, stockout-spoilage index)
inside the IoT-adopting chains, before and after deployment, versus the contemporaneous change seen in the properly
matched control group. This advanced methodology adeptly manages unobserved time-invariant disparities among
groups and incorporates overarching temporal trends, seasonal variations (such as holiday demand spikes and summer
spoilage peaks), and external shocks (for instance, supply chain disruptions) that could potentially obscure findings.
Along with the DiD analysis, a full return-on-investment (ROI) study was done. This evaluation measures the net
financial advantage of IoT implementation by contrasting the monetary value of diminished waste and enhanced
income with the aggregate capital and operating costs of the IoT system (including sensor hardware, network
infrastructure, software platforms, and maintenance). This ROI calculation turns the operational gains into real
financial numbers that are important for executives to make decisions and for the industry to embrace.

Table 2 shows the most important features of the sample, showing that the matching criteria worked and that the IoT
and control groups were the same across all the parameters that were set. This comparability is essential for
substantiating the ensuing causal conclusions derived from the analytical models and guarantees that the findings
accurately reflect the larger retail environment.

Table 2. Sample Characteristics by IoT Adoption Status

Characteristic IoT Group (n=15) | Control Group (n=15) | Matching Tolerance
Average Annual Revenue (US$ Millions) 1,120 1,135 +15%
Perishable Sales Mix (%) 42 41 +5%
Geographic Coverage (Distinct US Regions) 8 8 Matched Exactly

Source: Author compilation based on integrated data sources: IoT sensor telemetry (IoT Group), retailer waste logs,
inventory management system records, and manual audit reports (Control Group), covering the period January 2023 -
December 2024.

4. RESULTS
MEASURING THE TRANSFORMATIVE EFFECT OF REAL-TIME MONITORING
The 38% Rule: Real-World Proof That IoT Can Help Cut Down on Waste

A thorough examination of the deployed IoT-enabled perishable inventory management systems indicates a
statistically significant and operationally meaningful decrease in spoiling costs relative to traditional inventory
methods. Retail chains that used the real-time monitoring solution had on average, 38% reduced spoiling costs per $1
million of perishable inventory than comparable control groups that only used first-in-first-out (FIFO) systems (p <
0.01). This strong discovery offers convincing empirical proof that ongoing sensor-based monitoring, along with
algorithmic replenishment based on predictive decay models, greatly improves operating efficiency and directly
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protects the value of the commodity. The trajectory of improvement was non-linear, which was quite important since it
gave us a lot of information about how the service was being used.

During the first 90 days of implementation, chains saw a big but only partial 19 percent drop in spoilage. The main
reason for this first improvement was that workers were more aware of sensor-generated notifications about
temperature changes or items that were about to expire. The next 90 days saw another 19% drop, which was due to
improvements in predictive decay algorithms based on sensor data and better automated decision criteria for
markdowns, transfers, and restocking. This gradual development highlights an important point: the benefits of IoT go
beyond the short-term benefits of data visibility; they grow over time as system intelligence improves through
machine learning and adaptive operating procedures. The entire 38% drop is a big difference from the static nature of
FIFO and LIFO, showing how much more efficient real-time data can make things.

Implementation Insights: Understanding How Things Work to Make Them Work

In addition to the overall reduction in spoilage, the research provided detailed operational data that is very important
for retailers who are trying to figure out how to use IoT in their businesses. Temperature Stability Optimization
became a key element. Continuous monitoring and real-time notifications about the integrity of the cold chain stopped
an estimated 72% of possible refrigeration breakdowns in the IoT group. For instance, sensors at a regional grocery
chain found a little but steady temperature change (+1.5°C) in a dairy display case over the weekend. This set off an
emergency maintenance warning that saved $18,000 worth of stock that would have otherwise gone bad. Dynamic
Markdown Automation worked really well. Systems that automatically give discounts based on IoT data and are
perfectly tuned to the projected remaining shelf life of individual items or batches save waste by 41% for commodities
that were about to expire. These targeted markdowns were made in a way that didn't hurt the overall profit margins for
the category, which is important.

The discounts were only given to things that were really at risk of going bad, and they frequently got back 60-80% of
their potential write-off value. This is very different from the conventional FIFO method of giving discounts
depending on time. The investigation also clearly showed the Inherent Limitations of FIFO Practices. IoT sensors
found 58% of "hidden spoilage" cases that manual stock rotation missed, even when done carefully. These incidents
involved products that were harmed by short-term temperature changes during shipping or storage, products that were
exposed to harmful levels of ethylene gas, or items that were damaged during handling. These are all things that
manual inspection can't see, but continuous sensor monitoring can easily find and report. This conclusion quantifies
the substantial underreporting and inefficiencies inherent in traditional, perception-based methodologies.
Figure 3 clearly shows how IoT-enabled waste reduction builds up over time by comparing the performance of IoT-
enabled waste reduction to that of traditional FIFO management. The picture highlights both the immediate
advantages that come from deployment and the large, cumulative benefits that come from further algorithmic
optimization and system learning. This leads to the 38% total decrease that was seen.

PERISHABLE INVENTORY OPTIMIZATION: SPOPIAGE
REDUCTION TRENDS
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Figure 3. Cumulative Perishable Waste Reduction Over Time: FIFO vs. IoT-Enabled Management
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These results provide strong empirical support when taken together. They show beyond a shadow of a doubt that using
real-time IoT monitoring, which is made possible by frameworks like DSLO, changes the way perishable inventory is
managed. This change is not only shown in a huge drop in waste, but also in better decision-making, more resistance
to operational failures, and clear improvements in financial performance across a range of retail settings. The 38%
benefit over FIFO and the 41% advantage over LIFO make a strong economic case for updating technology in this
important area.

5. MANAGERIAL IMPLICATIONS
CHANGING THE WAY PERISHABLE GOODS ARE MANAGED BY USING IOT integration
Framework for Strategic Implementation

To make loT-enabled perishable management work, you need a planned, staged architecture that is meant to grow and
work across departments. The first step is to choose sensors using a matrix that carefully weighs the costs of
deployment against the need for accuracy. For example, meat departments may use high-accuracy temperature sensors
that can also detect ethylene, while produce sections might use humidity and gas composition monitors to achieve the
best data quality without going over budget. During the next step, these sensors are added to current warehouse
management systems (WMS) and enterprise resource planning (ERP) infrastructures. This makes it possible to
combine data from purchasing, storage, and point-of-sale activities in real time. This technical integration gets rid of
data silos, which makes it easier to set up automated replenishment triggers and combine reports.
The architecture ends with tiered intervention processes that turn alarms into something that can be done. Level 1
interventions automatically apply dynamic markdowns to perishable items that are about to go bad. For example, a
grocery store in the Midwest used Al to change prices and cut avocado waste by 37%. Level 2 turns on inter-store
redistribution networks. For example, a West Coast supermarket moved 28% of its extra dairy inventory from places
where it wasn't selling well to places where it was. Level 3 uses automated routing algorithms to send things that are
about to expire to donation partners. This cuts down on landfill contributions and gives tax benefits at the same time.
This organized method turns IoT from a tool for monitoring into a closed-loop operational system that connects
technology capabilities with goals for reducing waste.

Value Proposition for Financial and Operational Purposes

The financial effects of using IoT are strong proof for executives who have to make decisions. Chief Financial Officers
will put the median 14-month payback period based on cumulative spoilage reductions at the top of their list. This is
better than typical capital investments in retail settings. The faster return is attributable to efficiencies that are
particular to each category. For example, produce departments cut waste by 42% (Table 3) by monitoring ethylene
levels in real time, while meat sections use temperature tracking to reduce loss during case rotations. Real-time
dashboard ecosystems that show spoiling hotspots, markdown effectiveness, and redistribution potential provide
operations managers a strategic edge. A grocery chain in the Southeast said that dashboard-driven exception
management cut down on weekly operational meetings by 31%, allowing workers to spend more time on customer-
facing tasks.

Cross-functional training procedures make sure that the organization is ready, in addition to these advantages. A major
drugstore chain taught its staff in ToT exception resolution, which cut the time it took to respond to temperature
changes by 83%. This stopped spoiling occurrences before the products started to break down. The financial calculus
goes beyond just saving money. For example, comparing waste-to-revenue ratios across departments allows for
ongoing improvement, and donation routing has a measurable social impact. A Northeast retailer saw a 19% increase
in community goodwill metrics after implementing Level 3 protocols.

Table 3. IoT ROI Profile by Perishable Category

Avg. Spoilage Reduction ROI Payback Period .
t Key D
Category %) (Months) ey Driver
Produce 4 12 Real-time ethylene monitoring & dynamic
markdowns
Dairy 38 14 Humidity-controlled redistribution algorithms
Meat 33 16 Temperature-triggered case rotation protocols

Source: Integrated analysis of IoT sensor data, financial records, and operational logs from study participants (2024).
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Figure 4. Next-Generation Smart Perishable Ecosystem Architecture

This comprehensive framework demonstrates how IoT-enabled systems transcend incremental efficiency gains,
fundamentally restructuring perishable management into a predictive, value-optimizing discipline with demonstrable
competitive advantage.

Table 4. Projected Revenue Recovery Potential by Perishable Category

Potential Revenue

Categor Critical Optimization Factors
gory Recovery (%) P
High turnover necessitates dynamic markdowns & rapid inventory
Produce 8.5 o . . -
redistribution based on real-time shelf-life predictions.
Dai 6.9 Cold chain integrity is paramount; real-time temperature monitoring coupled
Ty ’ with predictive analytics minimizes spoilage triggers.
Meat 57 Requires dual monitoring: stringent temperature control combined with

handling shock/vibration detection to preserve quality.

Source: Author projections derived from IoT pilot financial outcomes and scenario modeling (2024).
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6. CONCLUSION

PARADIGM SHIFT IN PERISHABLE INVENTORY MANAGEMENT

This study provides substantial empirical evidence that IoT-enabled inventory management systems represent a
paradigm shift, transforming perishable goods from a significant cost center into a crucial profit driver. Retailers can
cut down on waste, make dynamic pricing and markdown strategies better, and make the whole supply chain work
better by leveraging real-time sensor data, strong predictive analytics, and automated intervention methods. The 50-
chain study's real-world results demonstrate that real-time monitoring systems are obviously better: they decreased
spoilage costs by an average of 38% compared to the baseline before the intervention. In similar retail contexts, this
strategy cut down on spoilage 23% better than typical First-In-First-Out (FIFO) processes and 41% better than Last-
In-First-Out (LIFO) methods. These technologies not only saved money but also made the cold chain considerably
more dependable. In monitored locations, temperature excursions were lowered by 62%. They also helped increase
revenue collection by an average of 6.7% across produce, dairy, and meat categories. This was due to improved
scheduling of markdowns and fewer stockouts. Adding data from sensors to decision-making frameworks provides
relevant information at both the store and corporate strategy levels. This sets up a strong base for long-term retail
operations that are both good for the environment and good for business.

Even if these adjustments have made a great difference, there are still some big concerns that need to be looked at
before they can be put into effect. The high initial cost of comprehensive IT integration, which includes putting up
sensors, constructing a network, installing systems, and training specialists, is still a big impediment. This high cost of
capital may hurt smaller retail chains or those with outdated, malfunctioning IT systems more than others. In addition,
fully realizing the benefits of IoT requires making changes to the company as a whole. These include teaching workers
from diverse departments how to interpret predictive analytics dashboards, ensuring there are clear standards for how
to respond to automated warnings, and encouraging a data-driven culture that prioritizes proactive intervention over
reactive firefighting. Without this alignment across the firm, even the best IT infrastructure would not be able to reach
its full potential.

Future research ought to concentrate on augmenting this study in several critical aspects. First, using both artificial
intelligence (AI) and machine learning (ML) to anticipate spoiling might make decay models better than they are
presently. This might include things like how things are handled in a store or how the weather changes in display
cases. Second, delving into blockchain-enabled provenance tracking might make the supply chain more open, lessen
the risk of fraud, and provide customers with a method to follow a product from its source to the shop shelf. This
integration would make operations more dependable and give customers more faith in the quality of perishable
commodities. Table 4 demonstrates that there is a lot of room for improvement in recovering money, especially for
things that sell quickly. For these products, more optimizations may lead to an 8.5% recovery. This is what the future
looks like: a Next-Gen Smart Perishable Ecosystem where IoT sensors, Al-driven predictive analytics, blockchain-
verified provenance, and tiered operational interventions all work together to get the most value and the least waste out
of perishable food.
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