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ABSTRACT - The rapid growth of online meat and seafood
delivery has raised critical challenges in maintaining freshness,
food safety, and consumer trust. Meat and seafood are highly
perishable, and their quality deteriorates quickly if exposed to
temperature fluctuations, especially during last-mile delivery.
While smart packaging technologies such as time—temperature
indicators, intelligent sensors, modified atmosphere packaging,
and antimicrobial materials have been extensively studied, their
application is mostly limited to industrial monitoring and
upstream supply-chain management. Implementation of
consumer-visible freshness indicators—allowing end users to
assess product quality at delivery—remains minimal. This lack
of transparency often leads to dissatisfaction, disputes, and food
wastage. To address this gap, this paper proposes a consumer-
visible freshness indicator system integrated into meat and
seafood packaging for last-mile delivery. The research uses a
qualitative, conceptual approach, supported by a review of
recent literature and analysis of delivery challenges and
consumer expectations in India. The proposed system
emphasizes simplicity, affordability, visual clarity, and
compatibility with existing cold-chain infrastructure. The study
concludes that consumer-visible freshness indicators can
improve transparency, consumer confidence, and quality
assurance while reducing spoilage-related losses.
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I. INTRODUCTION

Fresh meat and seafood are among the most sensitive food
commodities due to their high-water activity, nutrient
richness, and susceptibility to microbial growth. Maintaining
quality from harvest or processing to final consumption
requires strict control of temperature and hygiene across the
entire supply chain. In recent years, changing consumer
lifestyles, urbanization, and the growth of digital commerce
platforms have significantly increased demand for doorstep
delivery of fresh meat and seafood products. While this trend
improves convenience, it also places greater pressure on
cold-chain logistics, particularly during the last-mile
delivery stage. The last mile represents the most fragile
segment of the cold chain, where products are exposed to
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frequent handling, variable ambient temperatures, traffic
delays, and limited refrigeration.

Even short periods of temperature abuse can accelerate
spoilage and compromise food safety. Despite the use of
insulated packaging and refrigerated transport, consumers
often lack objective means to verify freshness at the point of
delivery. Consequently, trust becomes the primary basis for
acceptance, increasing the risk of disputes, returns, and
wastage Smart packaging technologies have been widely
proposed as a solution to these challenges. However, most
existing systems are designed for monitoring by producers,
distributors, or logistics operators rather than direct
consumer use . This paper argues that making freshness
information visible to consumers at the time of delivery is a
critical yet underexplored opportunity to improve
transparency, accountability, and trust in perishable food
delivery systems.

II. LITERATURE REVIEW

Recent studies emphasize the role of intelligent packaging
technologies in maintaining meat and seafood quality
throughout the supply chain. Time—temperature indicators
(TTIs) are among the most widely studied tools, as they
provide cumulative information on thermal exposure, which
directly correlates with spoilage kinetics

1. Gas-sensing indicators that detect compounds such as
ammonia or total volatile basic nitrogen have also been
explored as indicators of protein degradation in meat
and fish products

2. Modified atmosphere packaging (MAP) and vacuum
packaging remain dominant preservation techniques due
to their effectiveness in slowing microbial growth and
oxidation

3. Several studies report that combining these methods
with intelligent indicators enhances shelf-life prediction
accuracy

4. However, most research evaluates performance under
controlled laboratory conditions, with limited
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consideration of consumer interaction or delivery-stage
implementation.

Cold-chain logistics literature identifies last-mile delivery as
a critical point of failure, particularly in developing
economies where infrastructure and regulatory enforcement
vary widely [6]. While route optimization and insulated
containers improve operational efficiency, they do not
address consumer concerns regarding freshness verification.
Recent reviews highlight commercialization barriers for
smart packaging, including cost, regulatory approval, lack of
standardization, and limited consumer awareness [7]. As a
result, a clear gap exists between technological capability
and consumer-level implementation.

III. RESEARCH GAP AND PROBLEM STATEMENT

Despite extensive academic research on smart packaging for
meat and seafood preservation, the implementation of
consumer-visible freshness indicators during last-mile
delivery remains limited in real-world settings. Existing
systems prioritize internal quality monitoring rather than
direct consumer communication, resulting in reduced
transparency and trust. Addressing this gap requires the
development of freshness indicators that are visually
interpretable, affordable, and compatible with existing
delivery systems.

IV. OBJECTIVES OF THE STUDY

The objectives of this study are to analyse existing smart
packaging technologies used in meat and seafood delivery,
identify limitations in current freshness communication
methods, propose a consumer-visible freshness indicator
model suitable for last-mile delivery, and evaluate its
potential benefits under Indian delivery conditions.

V. PROPOSED CONSUMER-VISIBLE FRESHNESS
INDICATOR MODEL

The proposed model integrates a freshness indicator into the
packaging system in a manner that allows consumers to
visually assess product quality without opening the package.
The indicator responds to cumulative time-temperature
exposure, providing an intuitive representation of freshness
status. Conceptual framework of consumer-visible freshness
indicator integrated with meat and seafood packaging during
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The indicator is placed on the outer surface of the inner
transparent packaging layer, ensuring visibility while
maintaining hygiene. Activation occurs at dispatch, and the
indicator changes colour progressively based on thermal
exposure. This approach emphasizes simplicity, low cost,
and ease of interpretation, making it suitable for large-scale
adoption.

VI. RESEARCH METHODOLOGY

This study adopts a qualitative and conceptual research
methodology. A systematic review of recent literature
published between 2020 and 2025 was conducted to identify
trends and gaps in smart packaging and cold-chain delivery.
Conceptual modelling was used to design the proposed
freshness indicator system. A comparative analysis between
traditional packaging and indicator-based packaging was
performed based on transparency, perceived quality, and
feasibility.

Parameter Traditional Indicator-Based
Packaging Packaging

Freshness Not visible Visible to
visibility consumer
Trust level Moderate High
Dispute risk High Low
Cost impact Low Moderate
Quality Internal Shared (vendor +
assurance consumer)

VII. RESULTS AND DISCUSSION

The analysis indicates that consumer-visible freshness
indicators significantly enhance transparency in meat and
seafood delivery systems. By enabling consumers to verify
freshness at the time of delivery, uncertainty is reduced and
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confidence in online purchasing increases. The visible
presence of indicators also promotes better handling
practices among delivery personnel, as deviations become
immediately apparent.

In the Indian context, where cold-chain penetration is
uneven, such indicators provide an additional safeguard
against quality degradation. The affordability and simplicity
of the proposed model make it suitable for adoption by small
and medium-scale vendors, potentially reducing food
wastage and improving customer satisfaction.

VIII. IMPLICATIONS

From a managerial perspective, integrating consumer-visible
freshness indicators into meat and seafood packaging offers
a strategic opportunity to differentiate a brand in a highly
competitive market. By providing transparent, real-time
information on product quality, companies can enhance
credibility and foster consumer trust, which in turn may
reduce product returns, complaints, and negative reviews.
For consumers, these indicators not only improve confidence
in the purchased products but also empower them to make
informed decisions, increasing satisfaction and loyalty.
Additionally, policymakers and regulatory bodies may view
such indicators as a practical tool to standardize freshness
monitoring, strengthen food safety regulations, and reduce
food wastage at the consumer level, thereby benefiting both
public health and the broader food distribution system.

IX. CONCLUSION AND FUTURE SCOPE

This paper concludes that although smart packaging
technologies for meat and seafood are well documented,
their consumer-facing implementation during last-mile
delivery remains insufficient. Integrating consumer-visible
freshness indicators offers a practical solution to enhance
transparency, trust, and quality assurance. Future research
should focus on pilot testing, quantitative validation,
consumer behaviour analysis, and regulatory alignment.
Extending this model to other perishable food categories
presents a promising direction for future studies.
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