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Intelligent technologies are being effectively utilized to
enhance the quality, safety, and traceability of seafood and
meat products. The use of intelligent tools and technologies
will also support the transition to more sustainable and
healthy food systems. This article describes the background
of MICROORC project and introduces sustainable smart label
solutions and technologies for preventing food spoilage and
food waste. The development work of Oulu University of
Applied Sciences (Oamk) provides insights to a novel

sensing and smart label technologies.
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Statistics reveal that 88 million tonnes of food produced in the EU
goes to waste, with households and food processing responsible
for a whopping 72% of this loss [1]. This issue has become a focal
point for the European Commission too, which is dedicated to
fostering environmental, social, and economic sustainability
throughout the food system. Recognizing the transformative
potential of microbiome-based innovations, both the EU and FAO
emphasize their major potential to revolutionize food production

and consumption and fighting against food waste. [2]

Addressing Food Waste reduction
in Europe: development of
Sustainable Solutions

The MICROORC project [3] (image 1) aims to develop novel
sustainable solutions to reduce and prevent food waste. It will
comprehensively evaluate and test a range of solutions,
technologies, services and tools and create recommendations for
policies and practices based on monitoring, utilizing, and targeting
the food microbiome along the supply chain. [2] Oamk’s work in
the project includes participating in the demonstration of use of
smart labels for monitoring shelf-life, designing and developing
new or improved solutions and identifying, sourcing, evaluating,

developing, and testing suitable sensor technologies.

https://oamkjournal.oamk.fi/2024/sustainable-solutions-that-reduce-and-prevent-food-spoilage-and-food-waste/ 2/14



14/02/25, 12:22

Sustainable solutions that reduce and prevent food spoilage and food waste — Oamk Journal

© MICROORC

7R UNIVERSIDADE ;
FaiRy UNIVERS ‘,wzelpas
Ve L\I()IK-\ BT OF APFUSD SO NCHE

Y PORTUGUESA OAM( e

: Ifremer

Norsk S
o Innescentia  ,wiywie ket Kyling  CERMAS

/ CiaoTech

C“ARCUTER[‘

CONFEDERATION
DES INDUSTRIES PRIMOR. ™"
OF TRAITEMENT DES PRODUITS  Deroe 196 —
0ES PECHES MARITIMES Dare b
£7 DE LAQUACULTURE SHARUANA-IIA

“ DE TODA LA VIOA -

IMAGE 1. MICROORC project and partners logos.

MICROORC will focus on three food products as an example
case, chosen for their nutritional importance and as healthy
protein sources: fresh chicken, smoked salmon, and plant-based
meat analogues. The project will assess consumer acceptance
and environmental sustainability of developed solutions at
different stages of the product life cycle and propose a new
regulatory framework for microbiome control in the food system.
Technologies and scientific discoveries will contribute to a fair,
healthy, and sustainable food system, aligning with the goals of
the European Green Deal [4]. Additionally, future policy
recommendations will support legislative proposals aiming to

reduce net greenhouse gas emissions. [2]

Key Highlights of project Impact

Five areas are selected for the potential for predicting and
extending shelf-life, reduction in food waste and fostering a

sustainable food system [5]:
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1. Predictive analytics models incorporating microbiome

information to predict shelf-life.

2. Time-temperature indicators (TTIs), sensoring and smart label

solutions for dynamic shelf-life labelling.

3. Rapid detection assays for microbial indicators of food

spoilage.

4. Microbiome based protection technologies to replace synthetic

chemicals and increase shelf life and safety.

5. Novel packaging solutions targeting spoilage for sustainable

development and increased shelf-life.

Smart Label solutions

There are several innovative smart label solutions designed for
enabling dynamic shelf-life labelling, which help improve food
safety, reduce waste, and enhance inventory management. Here

we present some examples of these kinds of products.

Electronic Shelf Labels: These labels provide real-time updates
on product information, including dynamic pricing and promotions.
They sync with inventory management systems to ensure
accurate stock levels and pricing [6]. These types of smart labels
do not, however, usually provide any information on the status and

quality of the product.

Active and Intelligent Packaging Solutions: These solutions
include various technologies that monitor freshness, prevent
counterfeiting, and sustain product quality. They are designed to
combat excessive waste and ensure product integrity [8]. They
can visually communicate the dynamic shelf life, helping to

eliminate confusion over use-by and best-before dates [9].
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Printed Intelligent Monitoring Labels: Companies like Ynvisible
and Innoscentia have developed labels that monitor the real-time
quality of food (image 2). These labels can detect spoilage before
(or after) the printed expiry date, significantly improving safety and
help reducing food waste [10]. These products can enable

dynamic shelf-life prediction [11].
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IMAGE 2. Dynamic expiry date label on chicken fillet package (image:
©lInnoscentia) (Innoscentia, (n.d.).

Real-time smart labels for food sensing: Smart labels equipped
with sensors can provide instant temperature and other parameter
readings and track the freshness of meat and seafood. These
labels help ensure that products remain within safe temperature
ranges throughout the supply chain, reducing spoilage and
enhancing food safety. They can also be linked to dynamic shelf-
life estimation. These real-time smart labels monitor and ensure
the quality and safety of food products, providing valuable

information to both consumers and producers.

These smart label solutions are transforming how retailers

manage inventory and how consumers interact with products,
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making the entire food supply chain more efficient, safe and
sustainable. In MICROORC project the focus is on tools and
technologies that make chicken, salmon and plant-based meat

analogues more sustainable and healthier.

Applications of smart labelling and
sensoring in the seafood and meat
industries

Time-Temperature Indicators (TTls) are used to monitor the
temperature of food products during transport and storage. For
instance, they can indicate if the seafood or meat has been
exposed to temperatures outside the safe range, helping to
ensure freshness and safety. TTls help in tracking the temperature
conditions throughout the supply chain, ensuring that food
products remain within the required temperature range to prevent

spoilage and maintain quality.

The Norwegian seafood industry has successfully implemented
TTls to monitor the temperature of fish products during
transportation. [12] This has significantly reduced spoilage and
ensured that the seafood reaches consumers in optimal condition.
The use of TTls has also helped in maintaining the high quality of

seafood.

Gas Indicators and sensors are used in packaging to detect
changes in the gas composition and levels, such as increased
levels of carbon dioxide, which can indicate spoilage. This helps in
maintaining the quality of packaged food by providing real-time
information about its freshness. Gas indicators in food packaging
can detect spoilage, ensuring that consumers receive fresh and

safe products. In the U.S., several meat processing companies
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have adopted gas indicators in their packaging to detect spoilage.
[13] Companies have used these indicators to monitor the levels
of gases such as ammonia, carbon dioxide and oxygen within the
packaging. This has helped in ensuring that the meat remains
fresh and safe for consumption, reducing the risk of foodborne

illnesses.

Biosensors (image 3) are employed to detect specific pathogens
or spoilage organisms in food. For example, they can identify the
presence of harmful bacteria like Listeria or Salmonella, providing
an additional layer of safety. Biosensors can detect contaminants
and spoilage organisms, ensuring that food products are safe for
consumption. These sensors can be integrated into packaging to
provide continuous monitoring. The meat industry has seen
success with the use of biosensors to detect pathogens in meat
products. Companies have integrated biosensors into their
packaging to continuously monitor for harmful bacteria like E. coli
and Salmonella. [14] This has enhanced food safety and provided
consumers with greater confidence in the quality of the meat

products they purchase.

IMAGE 3. Biosensor platform for electrochemical use in laboratory tests
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(image: Oamk PrinLab).

Smart label solutions can include wireless communication
technologies that allow real-time monitoring of food products. This
enables stakeholders to track the condition of the products
throughout the supply chain and take immediate action if any
issues are detected. Using wireless technologies in food
packaging facilitates real-time data transmission about the
product’s condition, enhancing traceability and quality control. This
helps in maintaining the integrity of the food products from
production to retail. Image 4 represents the wireless
communication and control structure of an example smart label

solution.
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IMAGE 4. Smart label system structure. The image opens up in new window
by clicking.

Seafood exporters have implemented advanced solutions that
include wireless communication technologies. [15] These
technologies allow real-time monitoring of the seafood’s condition
during long-distance transportation. This has improved the
traceability and quality control of seafood, ensuring that it arrives

fresh and safe in international markets.

These applications demonstrate how intelligent technologies are
already being effectively utilized to enhance the quality, safety,
and traceability of seafood and meat products. The ongoing

development and increasing use of these intelligent tools and
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technologies will also support the transition to more sustainable

and healthy food systems.

Challenges and Future Directions

There are several emerging technologies in food sensing and
labeling that are transforming the industry. Color-based sensors
visually indicate food quality by changing color in response to
specific chemical reactions, making it easy to monitor freshness
and contamination. Nanotechnology-based sensors are being
used to detect various components in food, enhancing sensitivity
and specificity. Biosensors are integrated into packaging for real-

time monitoring of spoilage and contamination.

The Internet of Things (loT) enables smart labels in packaging,
allowing real-time data collection and transmission about food
conditions, improving traceability and safety. Printed sensors
create flexible, low-cost, and disposable options for monitoring
parameters like temperature and humidity [16] [17]. Smart labels
provide interactive experiences for consumers, offering detailed
product information through smartphones. These technologies
offer more accurate, real-time, and user-friendly solutions for

ensuring food quality and safety.

The main limitations which prevent the large-scale uptake of these
products and technologies are mainly cost and scalability issues.
High cost of real time smart labels limits their use only to specific
cases and batch level use. Investing in research and development
to create more cost-effective smart label solutions is crucial.
Scaling up production requires the use of mass-manufacturable

technologies and specific expertise and devices in manufacturing.
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Adoption of smart label technologies also faces regulatory and
consumer acceptance challenges. Different regions have varying
regulations regarding food labeling and packaging. Ensuring
compliance across multiple markets can be complex. Consumers
may be hesitant to trust new technologies, especially when it
comes to food safety. Building consumer confidence in smart
labels is of great importance. We shouldn’t forget the
sustainability concerns either. The environmental impact of
producing and disposing of smart labels, especially those
containing electronic components, is a concern we need to take
seriously. Sustainable solutions, materials and manufacturing
technologies are needed to address this issue. Current and future
research directions are aimed at overcoming these challenges
and further improving the effectiveness and feasibility of intelligent

smart label solutions.

Harri Maatta
Senior Lecturer
Centre for Research and Innovation

Oulu University of Applied Sciences

MICROORC - Orchestrating Food System Microbiomes to Minimize
Food Waste, started on November 1st, 2023, funded by the
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