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Introduction

In recent years, the packaging industry has undergone
significant transformations, driven by the demand for more
efficient, sustainable, and consumer-friendly solutions in food
storage. Among the most exciting developments are active
and intelligent packaging technologies, which represent a new
frontier in how food is preserved, monitored, and protected
during storage and transport. These advanced packaging
systems go beyond traditional methods by not only serving as
a barrier to external factors but also actively interacting with
the product to maintain its freshness and quality. This article
delves into the concepts of active and intelligent packaging,
exploring how these innovations are revolutionizing food
storage and shaping the future of the food industry [1].

Active packaging refers to packaging systems that interact
with the food product to extend its shelf life and preserve its
quality. Unlike passive packaging, which simply protects food
from environmental factors such as moisture, oxygen, and
light, active packaging goes a step further by incorporating
substances that actively affect the food’s environment.
These substances can include antimicrobial agents, oxygen
scavengers, moisture regulators, and flavor absorbers.
For example, oxygen scavenger packets are placed inside
packaging to absorb excess oxygen, preventing oxidation
that can lead to rancidity in fats and oils. Similarly, moisture-
absorbing packaging helps maintain the desired texture and
prevents the growth of mold and bacteria, which thrive in
humid environments [2].

Intelligent packaging, also known as smart packaging, takes
the concept of active packaging a step further by incorporating
sensors or indicators that monitor the condition of the food
throughout its lifecycle. These sensors can measure a range
of factors, such as temperature, humidity, pH levels, and the
presence of gases, providing real-time information about
the food’s status. For instance, temperature indicators can help
ensure that perishable products like dairy, meat, and frozen foods
have been stored at the correct temperature throughout transport
and storage. This allows consumers and food producers to track
the quality and safety of food more accurately, ensuring that food
is consumed at its peak quality [3].

One of the primary benefits of active and intelligent
packaging is its ability to significantly increase the shelf life
of food products. By maintaining optimal conditions for food
storage—such as controlling temperature, humidity, or oxygen

levels—these packaging systems help preserve the quality
and safety of food for longer periods. This not only improves
the consumer experience but also helps reduce food waste,
which is a growing global concern. According to the Food and
Agriculture Organization (FAQ), roughly one-third of all food
produced globally is wasted. Active and intelligent packaging
can play a key role in mitigating this issue by ensuring that
food stays fresh longer, particularly in the supply chain, where
food is often exposed to suboptimal conditions [4].

In addition to prolonging shelf life, active and intelligent
packaging provides consumers with greater convenience and
confidence in the food they purchase. With features like color-
changing indicators or QR codes that link to detailed product
information, consumers can ecasily assess the freshness and
quality of the food without opening the packaging. For example,
an intelligent packaging system might feature a color indicator
that changes when the product has been exposed to unsafe
temperatures, signaling to the consumer that the product may no
longer be safe to consume. This real-time feedback helps prevent
the consumption of spoiled or unsafe food, improving food safety
and reducing the risk of foodborne illness [5].

As environmental concerns continue to grow, the food
packaging industry is under increasing pressure to find more
sustainable solutions. Both active and intelligent packaging
technologies are designed with sustainability in mind. Many
active packaging materials, such as oxygen scavengers and
moisture regulators, can be made from biodegradable or
recyclable materials, reducing the environmental impact of
packaging waste. Furthermore, intelligent packaging systems
can reduce food waste by ensuring that products are consumed
at the right time, thereby decreasing the amount of food that
is thrown away due to spoilage. These innovations align with
global efforts to reduce packaging waste and promote more
sustainable food production and consumption practices [6].

Active packaging is particularly beneficial for the preservation
of meat and seafood, two food categories highly susceptible
to spoilage. The presence of moisture and the growth of
microorganisms are major factors that contribute to the
deterioration of these products. Active packaging solutions
such as moisture-absorbing films and antimicrobial agents can
extend the shelf life of meat and seafood by reducing bacterial
growth and maintaining optimal moisture levels. Oxygen
scavengers are also crucial in preventing the oxidation of
fats in meat, which can lead to rancidity and off-flavors. By
improving the quality and safety of perishable products, active
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packaging helps reduce waste in the meat and seafood sectors,
which are particularly vulnerable to spoilage [7].

Intelligent packaging also offers significant advantages in
terms of traceability and transparency throughout the food
supply chain. With the integration of RFID (radio-frequency
identification) tags or NFC (near-field communication)
technology, food products can be tracked from production
to consumption. This allows both producers and consumers
to access detailed information about the product’s origin,
manufacturing process, transportation conditions, and storage
history. This traceability enhances food safety by providing
transparency regarding the handling and storage of food,
which is particularly important in the event of a recall or
food safety concern. Additionally, consumers can make more
informed purchasing decisions based on the information
available through intelligent packaging [8].

Despite the numerous benefits, there are challenges associated
with the widespread adoption of active and intelligent
packaging. One of the main hurdles is the cost of these
advanced packaging materials and technologies. For many
small and medium-sized food producers, the expense of
integrating smart packaging into their operations may be
prohibitive. Additionally, regulatory issues surrounding the
use of certain materials, especially those that come into direct
contact with food, need to be carefully managed to ensure
safety and compliance with food standards. Overcoming
these challenges will require further innovation, collaboration
across the food industry, and government support in the form
of regulations and incentives [9].

Looking ahead, the future of active and intelligent packaging
is promising. As the technology continues to evolve, it is
expected that these packaging systems will become more
affordable, efficient, and widely adopted. Advances in
nanotechnology, sensor technology, and biodegradable
materials will likely lead to even more sophisticated and
sustainable packaging solutions. Moreover, the integration of
artificial intelligence and machine learning could enable more
personalized food packaging systems that adapt to individual
consumer preferences, further enhancing the convenience and
efficiency of food storage [10].

Conclusion

Active and intelligent packaging represents a significant
leap forward in food storage technology. By improving food

preservation, extending shelf life, enhancing food safety,
and promoting sustainability, these packaging innovations
are revolutionizing the way food is stored, transported, and
consumed. As the technology continues to develop, active
and intelligent packaging will become an integral part of
the food industry, helping to reduce food waste, improve
quality, and meet the growing demands of consumers for
smarter, more sustainable food products. The future of
food storage is smart, and active and intelligent packaging
is leading the way.

References

1. Dobrucka R. The future of active and intelligent packaging
industry. Logforum. 2013;9(2).

2. De Jong AR, Boumans H, Slaghek T, et al. Active and
intelligent packaging for food: Is it the future?. Food Addit
Contam. 2005;22(10):975-9.

3. Du H, Sun X, Chong X, et al. A review on smart active
packaging systems for food preservation: Applications and
future trends. Trends Food Sci Technol. 2023;141:104200.

4. Dobrucka R, Cierpiszewski R. Active and intelligent
packaging food-research and development-a review. Pol J
Food Nutr Sci. 2014;64(1).

5. Kruijf ND, Beest MV, Rijk R, et al. Active and intelligent
packaging: Applications and regulatory aspects. Food
Addit Contam. 2002;19(S1):144-62.

6. Pereira de Abreu DA, Cruz JM, Paseiro Losada P. Active
and intelligent packaging for the food industry. Food Rev
Int. 2012;28(2):146-87.

7. Dodero A, Escher A, Bertucci S, et al. Intelligent packaging
for real-time monitoring of food-quality: Current and
future developments. App Sci. 2021;11(8):3532.

8. Dobrucka R, Przekop R. New perspectives in active
and intelligent food packaging. J Food Process Preserv.
2019;43(11):e14194.

9. Vanderroost M, Ragaert P, Devlieghere F, et al. Intelligent
food packaging: The next generation. Trends Food Sci
Technol. 2014;39(1):47-62.

10. Realini CE, Marcos B. Active and intelligent packaging
systems for a modern society. Meat Sci. 2014;98(3):404-
19.

Citation: Stevens E. Active and intelligent packaging: The future of food storage. J Food Nutr Health. 2025;8(2):264.

J Food Nutr Health 2025 Volume 8 Issue 2


https://jbc.bj.uj.edu.pl/Content/936520/NDIGOC102679_9_2013.pdf#page=95
https://jbc.bj.uj.edu.pl/Content/936520/NDIGOC102679_9_2013.pdf#page=95
https://www.tandfonline.com/doi/abs/10.1080/02652030500336254
https://www.tandfonline.com/doi/abs/10.1080/02652030500336254
https://www.sciencedirect.com/science/article/pii/S0924224423003151
https://www.sciencedirect.com/science/article/pii/S0924224423003151
https://www.sciencedirect.com/science/article/pii/S0924224423003151
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-840f6a8c-9921-49f7-a0f3-e0406a18c77c
https://agro.icm.edu.pl/agro/element/bwmeta1.element.agro-840f6a8c-9921-49f7-a0f3-e0406a18c77c
https://www.tandfonline.com/doi/abs/10.1080/02652030110072722
https://www.tandfonline.com/doi/abs/10.1080/02652030110072722
https://www.tandfonline.com/doi/abs/10.1080/87559129.2011.595022
https://www.tandfonline.com/doi/abs/10.1080/87559129.2011.595022
https://www.mdpi.com/2076-3417/11/8/3532
https://www.mdpi.com/2076-3417/11/8/3532
https://www.mdpi.com/2076-3417/11/8/3532
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/jfpp.14194
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/jfpp.14194
https://www.sciencedirect.com/science/article/pii/S092422441400137X
https://www.sciencedirect.com/science/article/pii/S092422441400137X
https://www.sciencedirect.com/science/article/pii/S0309174014001995
https://www.sciencedirect.com/science/article/pii/S0309174014001995

