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Abstract 

Food producers need a deep understanding of market and technology trends to be able to 

evaluate and prioritise new product and packaging technologies that may open up new export 

markets. The domestic market alone will not generate the necessary type or quantity of 

innovations required for Asian markets in key areas like packaging, preservation, tamper 

evidence and provenance. In addition, the size and variety of international markets means that 

those technologies need to be viewed through a lens of consumer demand, changing needs 

and age-based considerations. 

Current food preservation and packaging technologies have generally performed well for the 

delivery of fresh food to domestic markets and some international markets for certain food 

products and food commodities, but there are still major deficiencies in their performance. While 

polymers are the most common packaging material due to a range of desirable properties such 

as transparency, low cost, good mechanical properties and controllable permeability, 

unfortunately these packaging materials are not totally recyclable or biodegradable. They do not 

add significantly to shelf life preservation and they are not able to indicate in a smart way 

whether the contents have been tampered with. 

Equally, we know that the source and food supply chain 'credentials' are of significant interest to 

consumers. The interest derives from unreliable supply chains in some Asian markets, a 

number of well publicised food adulteration scandals and a demand for clean and green foods 

with traceable production history can become valuable attributes for Australian agrifood. 

Australia's red meat industry exports approximately 75-80% of its production. However, the 

current quality state of fresh packaged meat is also often hard to measure as it is not visible 

from the outside with prescribed use by dates used. Remaining shelf life cannot be measured 

directly, yet it may be predicted by biological models calculating the effect of accumulated 

temperature and other influences. 

There is also the opportunity for the labelling associated with the packaging to produce a 

transformational market effect. Currently labelling and marketing materials are mostly static with 

limited consumer interaction. Near Field Communication (NFC) has the potential to provide 

information to a consumer but also glean information from a consumer about their interests and 

tastes; cheap and flexible screens on the package could be used to change presentation based 

on the data provided from consumers; augmented reality using a smart phone will allow for 

overlay of best use of the product as well as recipe ideas, for example. 

"Smart Packaging" can inform the status of the packaging and product integrity (breaking of the 

seal, quality, and security) and can demonstrate the authenticity of Australian agrifood products, 

anti-theft, traceability of handling and distribution. In addition to intelligent packaging functions 

where "extra production and consumer information" is added to the pack, packaging innovations 

can be embedded in the material to interact with the product. For example, pack materials can 

"actively" control the oxygen levels and thereby growth of bacteria or fungi or confinement odour 

can also represent advancements and market development to previous sachets and modified 

atmosphere gas technologies 
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The objectives of the project were to; 
 

i. Develop technology insights and solutions related to 'smart packaging' technologies that 

can assist the Australian red meat industry to gain greater competitive advantage and 

price premiums over the next 3-5 years as a result of an increased capacity to deliver 

products to exports markets that deliver on food safety, provenance, shelf life, 

traceability, and integrity. 

ii. Identify and develop strategies to overcome commercial impediments and barriers for 

Australian producers and brand owners in adopting "Smart" packaging solutions to add 

value to Australian red meat products in both domestic and export markets. 

Xinova has been commissioned by Meat and Livestock Australia (MLA) to develop technology 

insights and solutions related to smart packaging technology. The intention of this work was to 

assist the Australian red meat industry to differentiate their product in the rapidly expanding 

Asian markets, with a particular focus on China, and to protect Australia’s brand of a high quality 

and consistent red meat product. 

In parallel to this project, MLA commissioned a series of reports exploring issues pertaining to 

Smart Packaging, including Chinese consumer profiling, competitor analysis, and market trends. 

These reports provided an incredibly detailed analysis of the opportunities and challenges as 

they pertain to smart packaging of Australian red meat for a Chinese market. 
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Executive summary 

Food producers need a deep understanding of market and technology trends to be able to 

evaluate and prioritize new opportunities to maintain or grow new export markets. Food 

packaging is one such area of opportunity that may provide Australian red meat producers with 

a competitive advantage over international competitors. 

Conventional food packaging serves to protect, preserve, and present the food. It has 

performed well in the domestic market and in some international markets, but there remain 

major deficiencies in their performance, such as improving shelf life, providing source and 

supply chain credentials, and providing consumers with additional valuable information on 

issues like ideal preparation and cooking. 

The Smart Packaging project (P.PSH.0765) was established with the objectives; 
 

 To develop technology insights and solutions related to 'smart packaging' technologies 

that can assist the Australian red meat industry to gain greater competitive advantage 

and price premiums over the next 3-5 years as a result of an increased capacity to 

deliver products to export markets that deliver on food safety, provenance, shelf life, 

traceability, and integrity. The technology insights and solutions developed within this 

project will be informed by consumer, customer, competitor and general market insights 

being developed via complementary projects managed by MLA. 

 To assist MLA and the industry to identify and overcome commercial impediments and 

barriers for Australian producers and brand owners in developing and adopting "Smart" 

packaging solutions to add value to Australian red meat products in both domestic and 

defined export markets. 
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1 Background 

Food producers need a deep understanding of market and technology trends to be able to 

evaluate and prioritise new product and packaging technologies that may open up new export 

markets. The domestic market alone will not generate the necessary type or quantity of 

innovations required for Asian markets in key areas like packaging, preservation, tamper 

evidence and provenance. In addition, the size and variety of international markets means that 

those technologies need to be viewed through a lens of consumer demand, changing needs 

and age-based considerations. 

Current food preservation and packaging technologies have generally performed well for the 

delivery of fresh food to domestic markets and some international markets for certain food 

products and food commodities, but there are still major deficiencies in their performance. While 

polymers are the most common packaging material due to a range of desirable properties such 

as transparency, low cost, good mechanical properties and controllable permeability, 

unfortunately these packaging materials are not totally recyclable or biodegradable. They do not 

add significantly to shelf life preservation and they are not able to indicate in a smart way 

whether the contents have been tampered with. 

Equally, we know that the source and food supply chain 'credentials' are of significant interest to 

consumers. The interest derives from unreliable supply chains in some Asian markets, a 

number of well publicised food adulteration scandals and a demand for clean and green foods 

with traceable production history can become valuable attributes for Australian agrifood. 

Australia's red meat industry exports approximately 75-80% of its production. However, the 

current quality state of fresh packaged meat is also often hard to measure as it is not visible 

from the outside with prescribed use by dates used. Remaining shelf life cannot be measured 

directly, yet it may be predicted by biological models calculating the effect of accumulated 

temperature and other influences. 

There is also the opportunity for the labelling associated with the packaging to produce a 

transformational market effect. Currently labelling and marketing materials are mostly static with 

limited consumer interaction. Near Field Communication (NFC) has the potential to provide 

information to a consumer but also glean information from a consumer about their interests and 

tastes; cheap and flexible screens on the package could be used to change presentation based 

on the data provided from consumers; augmented reality using a smart phone will allow for 

overlay of best use of the product as well as recipe ideas, for example. 

"Smart Packaging" can inform the status of the packaging and product integrity (breaking of the 

seal, quality, and security) and can demonstrate the authenticity of Australian agrifood products, 

anti-theft, traceability of handling and distribution. In addition to intelligent packaging functions 

where "extra production and consumer information" is added to the pack, packaging innovations 

can be embedded in the material to interact with the product. For example, pack materials can 

"actively" control the oxygen levels and thereby growth of bacteria or fungi or confinement odour 
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can also represent advancements and market development to previous sachets and modified 

atmosphere gas technologies. 

The objectives of the project were to; 
 

i. Develop technology insights and solutions related to 'smart packaging' technologies 
that can assist the Australian red meat industry to gain greater competitive advantage 
and price premiums over the next 3-5 years as a result of an increased capacity to 
deliver products to exports markets that deliver on food safety, provenance, shelf life, 
traceability, and integrity. The technology insights and solutions developed within this 
project will be informed by consumer, customer, competitor and general market 
insights being developed via complementary projects managed by MLA. 

ii. Assist MLA and the industry to identify and overcome commercial impediments and 
barriers for Australian producers and brand owners in developing and adopting 
"Smart" packaging solutions to add value to Australian red meat products in both 
domestic and defined export markets. 

Specifically, the project will address the need to develop 'Smart' packaging systems for red 

meat that; 

• Extend product shelf life 

• Measure surrounding conditions along the supply chain to assure and protect authenticity, 
origin and enable traceability 

• Measure and control conditions to maximise shelf life 

• Deliver sustainable packaging formats that quantifiably reduce environmental impacts 

• Present consumers with product information that clearly delivers against attributes that 
they are willing to pay for. 

 
Xinova has been commissioned by Meat and Livestock Australia (MLA) to develop technology 
insights and solutions related to smart packaging technology. The intention of this work is to 
assist the Australian red meat industry to differentiate their product in the rapidly expanding Asian 
markets, with a particular focus on China, and to protect Australia’s brand of a high quality and 
consistent red meat product. 



P.PSH.0765 Xinova Smart Packaging open innovation RnD4profit (insights2innovation) 

10 

 

 

 

 

2 Methodology 

This project was undertaken using the following methodology; 

 
2.1 Technology Insights 

The project undertook technology and product scanning in the area of food packaging as well as 

some adjacent sectors such as pharmaceutical, as well as a literature and patent review. Also 

included will be a curation and review of global packaging technical trade shows, conferences 

and events, to identify technology trends and new products as well as existing solutions in the 

area of 'smart packaging'. 'Smart packaging' will address challenges for export markets around, 

food safety, shelf-life, integrity, traceability and provenance. The scanning methodology will 

cover literature, research activities, products and companies. 

 
This activity was overlaid with Thomson Reuters' (Clarivate Analytics) IP landscape analysis 

(MLA project V.RDP.1003). The scanning process utilised Xinova's existing global capability, 

through its Asian offices in India, Singapore, China, Korea, Japan and Australia. This report will 

assist the red meat sector to understand and assess the best of what is available now to 

capture opportunities by better meeting emerging consumer and market trends (initially in the 

China market). 

 
MLA provided Xinova reports of the outcomes of previous packaging and traceability technology 

scanning activities such as A.RHC.004 emerging packaging trends report (2014) and regularly 

updated Xinova of the outcomes of other relevant consumer and market insight projects. 

 

2.2 Smart Packaging Invention Sourcing 

RFI Topic identification: 
 

Potential RFI topics were then assessed against a series of criteria; IP landscape, technical 

solutions available, commercial viability, areas of opportunity for technical advancement and 

others in order to select one problem topic for development into RFIs. 

Based on the identified gaps in available technologies, Xinova undertake an initial Request for 

Innovation (RFI) focused specifically on seeking solutions to the 'Food without Fear" theme 

which has been identified as a key consumer trend in the China market. In this stage of the 

project the following activities will be conducted: 

 
Problem Definition Workshop: 

 

A 'Problem Definition Workshop' was conducted involving key thinkers from the food and 

packaging industry in Australia and Internationally, commercial value chain participants from the 

red meat industry, Xinova, participants in the RnD4profit project and a number of selected 

domain experts. Input into the Problem Definition Workshop was used to inform Xinova’s own 
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desk research and country-based intelligence and networks as well as the IP Landscape 

Mapping report undertaken by Clarivate Analytics (formerly known as Thomson Reuters) along 

with other MLA projects conducted within the 'Food without Fear' theme related to: consumers; 

customers; supply chain issues 

 
Request for Invention Development: 

 

Identify 2 Request for Invention (RFI) topics: Based upon the outcomes from the Problem 

Definition Workshop. Final topic selection will involve feedback from the RnD4profit Project 

Steering Committee that will be established from industry, domain experts, other agrifood 

sectors where applicable and MLA. 

 
Invention sourcing: 

 

Two RFls identified as having the greatest potential to deliver on the 'Smart packaging' 

objectives will be released to Intellectual Ventures' Inventor Network for solution sourcing. The 

project targets a minimum of 5 novel inventions per RFI. 

 
Facilitated 'All-star' Inventor Workshops. 

 

Participants involved will be global Platinum Inventors, cross disciplinary, MLA and industry 

representatives with extensive industry knowledge. 

 
Review of Xinova patent assets: 

 

Xinova has 3,500 existing IP assets that have resulted from its invention sourcing activities. There 

is a strong and curated portfolio of packaging and food related assets amongst many others. The 

project will undertake a systematic review of those assets to identify if any had application to the 

selected problem topics. Should relevant IP assets be identified then commercial packaging 

companies that are potential commercialiser will be engaged. 

 
Proof of Concept: 

 

Xinova and MLA will select at least 2 inventions to undergo proof of concept development. Xinova 

will utilise its Laboratory at UNSW and its Development Centre based in Singapore. 

 
In addition, Xinova with MLA input will provide stakeholders and advisory committee members 

the progress of the project and developments. 
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3 Results and Discussion 

3.1 Technology Insights 

This phase of the project represented the gathering of technology insights around smart 

packaging. The work involved an assessment of field, by reviewing and assessing the technical 

landscape and looking for opportunities to provide new solutions in areas that have either not 

been considered, or not adequately addressed. 

 
The technology insights task considered smart packaging technologies in the context of the 

following five key attributes: 

• Food safety 

• Shelf-life 

• Anti-counterfeit 

• Traceability 

• Provenance 

 
Within each key area, existing technologies, solutions and products were reviewed, as well as 

challenges and barriers for market adoption. Technology and market trends are also presented 

to help the Australian red meat industry to identify further research opportunities. Key 

stakeholders and potential commercial partners are also listed based on their activities involved 

in research and development within the smart packaging technologies field. 

 
Existing Technologies: several technologies were identified, at various stages of development, 

which we believe are worthy of further consideration. These include: 

 Next generation QR Codes - Next generation QR codes which are more secure and 

more visually appealing, incorporating with product pictures and company logos. These 

Next generation QR Codes are also being used to allow the consumer access to real- 

time video of product origination. 

 Unique ID traceability systems –Authenticateit Pty Ltd, an Australian company which has 

developed an app-based traceability system which allows tracking and tracing at any 

point along the entire supply chain, with geolocation authentication ability. 

 Invisible tracers – Rare earth tracers as an authenticating identifier, coupled with a hand- 

held scanner 

 

Future technologies: Xinova’s searching and analysis has identified technical areas that could 

be considered for future inventive effort and consideration. These areas are as follows: 

• Mobile-engaged intelligent packaging technologies 
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• Next generation RFID technologies 

• Smart components incorporating modified atmosphere and vacuum packaging 

• Brand differentiation (through use of new technologies) 

3.2 Smart Packaging Invention Sourcing 

This Final Report also includes Milestone 8 Invention Sourcing & Portfolio development and 

Milestone 10 Report on the Young Food Innovator. 

 
Two RFIs were identified, developed and released to the Xinova innovator network. Below is a 

summary of invention sourcing and portfolio development, including invention numbers, 

selected inventions, stand-out inventions, as well as outcomes from the Inventor Workshop. 

 
RFI-170106 Tracking Exported Meat Products from Farm to Fork 

 

Invention 

ID 

Country Title Submission 

Date 

Status 

US- 

927268 

United 

States 

Supply Chain Packaging Tracking 

System 

8/4/2017 New 

AU- 

927132 

Australia Laser Meat Branding with QR-codes 6/7/2017 Failed Pre- 

Screening 

JP- 

927185 

Japan Tracking trace of meat 6/21/2017 Under 

Review 

CN- 

927204 

China Meat Product Tracking Based on a 

Distributed Ledger System 

6/5/2017 Under 

Review 

US- 

927212 

United 

States 

Providing Transparency and Trust 

through an Extremely Fast X-ray 

Screening of Bulk Meat, Cloud 

Available Database + Simple 

Inexpensive Genetic Testing for 

Tracking and Verifying Exported Meat 

Products from Farm to Fork 

7/5/2017 New 

US- 

927319 

United 

States 

Tracking Meat Products with Laser 

Grill Marks 

9/5/2017 New 

US- 

927341 

United 

States 

Meat Identifying and Labelling 

Probiotics (M.I.L.P.) 

9/20/2017 New 

CH- 

927377 

Switzerland Passive time and temperature 

logging labels for data collection and 

user interaction 

10/13/2017 New 
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RFI-170115 Intelligent Interactive Packaging 
 

Invention 

ID 

Country Title Submission 

Date 

Status 

JP-927281 Japan RFID that manages temperature 

history 

8/5/2017 Under Review 

IL-927282 Israel NFC based intelligent sticker 8/6/2017 Not Selected for 

Patenting 

IL-927286 Israel Ultra-Low Cost Time 

Temperature Capillary Indicator 

8/11/2017 Under Review 

IL-927362 Israel Authentication and Visualization 

System and Method 

10/3/2017 New 

KR- 

927415 

Korea Smart label using ultrasound for 

information transmission 

10/31/2017 New 

 
Overall invention sourcing was slow with 8 invention solutions submitted from Xinova’s inventor 

network in Australia, United States, Japan, China, Switzerland and the US for RFI-170106 

“Tracking Exported Meat Products from Farm to Fork”. For Request for Invention RFI-170115 

“Intelligent Interactive Packaging” there were 4 strong submitted solutions from Japan, Korea 

and Israel. 

 
An All-star Inventor Workshop was held in Sydney on 17th July 2017. This workshop included 

Xinova Platinum & Gold Inventors, working together with Xinova staff and several MLA staff, 

including Michael Lee and Duncan Veal. The presentations from the All-Star Inventor 

Workshop are included as an attachment, along with the concept inventions (confidential) from 

the All-star Inventor Workshop. 

 

3.3 Young Food Innovator 

A member of MLA's Young Food Innovator Program (YFI) was included in this project, as a 

dedicated team resource. Following a recruitment process in partnership with MLA, Dr Xin SUN 

was selected and appointed to the role. Xin’s position is co-funded by Meat and Livestock 

Australia’s Donor Company (MDC) as part of their “Young Food Innovator Program”, which is 

similar to a cadetship, but at the post-graduate level. Xin was based in Xinova’s Sydney office, 

but also undertaking a number of 1-week off-site training modules with MLA. 

Xin joined Xinova from the University of NSW, where she worked in the Food Science & 

Technology Department of the School of Chemical Engineering after completing her PhD in 

Food Science at UNSW. In her PhD, she researched “Allergenic potential effects of major 

peanut allergens and whey allergens induced by hydrostatic high-pressure processing”. She 

had 6 years wet lab chemistry experience at UNSW and worked on food related projects such 

as analyzing bio-active peptides in beef, and hypoallergenic milk formula processing. Her 

Chinese background and food experience had been valuable in assisting with this project which 

has a strong emphasis of differentiating Australian red meat in China. 
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The specific aim of the traineeship was to assist a new young professional to build strategic 

value chain thinking and capabilities and to explicitly support the integration of this smart 

packaging project within the broader lnsights2Innovation initiatives, including the 'Food Without 

Fear' theme. Xin also participated in MLA’s YFI program's development and mentoring 

activities. 

4 Recommendations 

Food producers need a deep understanding of market and technology trends to be able to 

evaluate and prioritize new opportunities to maintain or grow new export markets. Food 

packaging is one such area of opportunity that may provide Australian red meat producers with 

a competitive advantage over international competitors. 

Conventional food packaging serves to protect, preserve, and present the food. It has 

performed well in the domestic market and in some international markets, but there remain 

major deficiencies in their performance, such as improving shelf life, providing source and 

supply chain credentials, and providing consumers with additional valuable information on 

issues like ideal preparation and cooking. 

The Smart Packaging project (P.PSH.0765) was established in March 2016 with the objectives; 
 

i. To develop technology insights and solutions related to 'smart packaging' technologies 
that can assist the Australian red meat industry to gain greater competitive advantage 
and price premiums over the next 3-5 years as a result of an increased capacity to 
deliver products to exports markets that deliver on food safety, provenance, shelf life, 
traceability, and integrity. The technology insights and solutions developed within this 
project will be informed by consumer, customer, competitor and general market 
insights being developed via complementary projects managed by MLA. 

ii. To assist MLA and the industry to identify and overcome commercial impediments and 
barriers for Australian producers and brand owners in developing and adopting 
"Smart" packaging solutions to add value to Australian red meat products in both 
domestic and defined export markets. 

Since then, the following milestones have been completed, including: 
 

1. Execution of agreement 

2. Report detailing technologies and products relevant to ‘smart packaging’ theme 

3. Identification of RFI topics 

4. Scoping report 

5. RFI specification distributed to inventors 

6. Progress report on invention sourcing and portfolio development 

7. Report on all-star inventor’s workshop 

And partial completion of Milestone 8. Report on selected invention solutions and final portfolio. 
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The final component of Milestone 8. Results from proof of concept development testing of at 

least two selected inventions, has not be undertaken. 

In parallel to this project, MLA commissioned a series of reports exploring issues pertaining to 

Smart Packaging, including Chinese consumer profiling, competitor analysis, and market trends. 

These reports provided an incredibly detailed analysis of the opportunities and challenges as 

they pertain to smart packaging of Australian red meat for a Chinese market. 

To ensure that the partnership focuses the smart packaging project on the right opportunities 

and challenges, it was decided to bring these two pieces of work together. To do this, the 

commissioned reports were analysed and synthesised into an insights report, attached. The 

report summaries the key findings of the commissioned reports and identifies criteria deemed 

essential for a smart packaging product to successfully build market share for Australian red 

meat producers competing in the Chinese market. 

The insights report also brings the Smart Packaging project in line with the new project 

governance process developed by Xinova and MLA. Endorsement of this report marks the 

conclusion of Phase 2, Explore, and represents endorsement of problem and invention 

requirements. This insight report was discussed with MLA project Manager, Mr Michael Lee in 

the Brisbane meeting held on 1st March 2018. At that meeting it was decide the project should 

be halted and a Final Report prepared and submitted as the inventions that have been sourced 

to date don’t reflect the current context around smart packaging. 

 
 
 

 
Insights Review 

 

The meat industry in China has become a market of interest for the biggest exporters of meat in 

the world. Current red meat consumption remains low with pork (64%) and poultry (23%) 

continuing to dominate the Chinese market. However, red meat consumption is forecast to grow 

at 2.4% p.a. for beef and 2.5% p.a. for sheep over the coming years. This consumption will 

largely be supplied by access to increasing imports, with beef imports forecast to increase 

11.8% p.a. between 2016 and 2019 (KPMG 2016). 

China is full of opportunities for the Australian red meat industry. With a growing middle class, 

who are increasingly willing and able to pay for premium imported products, whether for an 
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aspirational need to maintain face or for the more practical need of addressing food safety 

concerns (KPMG 2016), Australia red meat exporters are faced with an exciting prospect. 

The demand for food safety in China during the last years has awakened a great appetite in the 

Australian meat industry to serve this market. However, research has demonstrated that in 

order to target and compete in the Chinese market, the certainty of the quality and safety of 

Australian meat is not sufficient to succeed. Rather, there are numerous factors to consider that 

impact on consumer’s buying behaviours such as fresh and natural meat, shelf life and 

information of the product through packaging formats among others. These factors are closely 

related with packaging, which is the focus of this report. 

Exporting products requires extensive research to understand the target market, its behaviour, 

requirements, challenges and opportunities that it can offer. In that sense, Meat and Livestock 

Australia (MLA), which is the marketing, research and development body for Australia’s red 

meat and livestock industry, has commissioned a number of red meat specific consumer 

research, value chain, supply chain, regulations and technologies researches to understand 

trends driving consumer choices in China across different geographies, identify the different 

stakeholders of the supply and value chain, legislation that needs to be complied and innovation 

available within the industry. The results of these researches will be the input to design 

strategies to efficiently and effectively serve the Chinese meat market. 

This report summarises those reports to obtain insights into the challenges and opportunities 

that Australia meat industry can leverage in order to be successful in China. 

Challenges 
 

One of the most important decision factors for Chinese customers when choosing meat is Fresh 

and Natural. How fresh meat looks visually in terms of colour and the use-by date will 

determine a purchase decision. This is applicable not only in store, but also in online sales, a 

distribution channel which is expected to have high growth in the future (Canadean 2016b). For 

this reason, shelf life is a critical issue and must continually be improved in order to fulfil the 

Chinese market demand of fresh meat. The impact of shelf life is so important that issues with it 

can have a negative impact on Australia’s rates trade (Solomon 2016). This leads to another 

challenge: it may be difficult to measure the quality state of fresh packaged food. This is not 

visible from the outside with prescribed ‘use-by dates’ (Solomon 2016). Packaging needs to 

interact more with the consumer to provide them with the information that can assure the 

quality of the product. Currently most of the labeling and marketing materials are static, with not 

enough consumer interaction (Solomon 2016). 
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Adopting technology to better inform consumers 
 

Packaging also needs to be more attractive as some Chinese consumers stated that they are 

more attracted by the packaging of US beef (Australian Trade Commission 2011). 

The Chinese market has also raised complaints about the handling of the product along the 

supply chain such as distributors combining low grade meat into a high-grade meat order 

(Solomon 2016) (Australian Trade Commission 2011). Counterfeit, grey import, bribery and 

corruption along the value chain pose real risks to foreign imports (KPMG, 2016). This is a 

challenge that the Australia red meat industry must solve if it is to maintain or grow its market 

share in China. 

Therefore, the opportunity arises for Smart Packaging, defined as a combination of active, 

intelligent, and modified atmosphere packaging techniques, specifically designed to increase 

and monitor shelf life (Thompson Reuters 2016). This technology can provide status and 

information of the packaging and product integrity (security, quality, breaking of the seal etc); it 

can demonstrate the authenticity of Australian agri-food products and provide anti-theft 

capabilities and traceability of handling and distribution. In addition to intelligent packaging 

functions where extra production and consumer information is added to the pack, packaging 

innovations which are embedded in the material and interact with the product will be developed 

(Solomon 2016). 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

Active packaging 

 

Another example of Smart Packaging which 

is able to provide feedback on food 

For example, pack materials actively control 

the oxygen levels and thereby growth of 

bacteria or fungi or confinement odour can 

also represent advancements and market 

development to previous sachets and 

modified atmosphere gas technologies 

(Solomon 2016). 

freshness is the “Living labels”, which inform 

in real-time, by touch, when meat is no 
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longer safe for consumption (Canadean 

2016b). 

 
 
 
 
 
 
 
 

On-pack freshness indicators 
 

Ensuring meat looks visually 

appealing 

Naturex Xtrablend OA, in its turn, is a 

natural ingredient inside the packaging that 

helps to keep the chilled meat fresh and 

visually appealing with a “healthy red” 

colour for longer (Canadean 2016b). 



 

 

A report of Thomson Reuters on patent and published literature data within the Smart 

Packaging technology field concludes that there is a gap which has not yet been covered by 

Smart Packaging. This gap is the interaction between product and shelf/environment, 

environmental sensing and reporting and near field communication enabled features. An 

example of this is that currently the most common packaging material used in meat exports to 

China is composed of polymers, which are not completely recyclable or biodegradable 

(Solomon 2016). 

Insights across key consumer segments (Canadean 2016b) 
 

One of the research studies commissioned by MLA aimed to identify the top five cities in China 

that offer the best opportunities for Australian red meat producers. These cities are: Shanghai, 

Hangzhou, Beijing, Shenzhen and Chengdu (Canadean 2016a). In a later phase of this project, 

insights into consumer behaviour and attitudes were collected in those cities, among different 

customer segments: affluent singles, dual income with no kids, families with young children, 

families with older children, empty nesters and multi-generational households. Some of the 

challenges mentioned in the previous section are supported by these insights as shown in the 

following profiles: 

Profile of an Affluent Single from Beijing 
 
 

 
 
 
 

 Plans to eat more beef as a source of protein as he’s planning to start working out more 
to lose weight. 

“I like to eat healthy food without 

preservatives. Green and organic.” 

“I like to eat and travel overseas, exploring 

culture of other countries.” 

“I can’t do without meat. I need to have 

meat in every meal.” 

City: Beijing 
Age: 25 years old 

“I always think imported 

meats taste better and 

are safer to consume. 

Their farming standard 

is very professional, 

Lives: Alone 
Occupation: Manager in Finance 
Income: 20,000 RMB 
TrendSights Segment(s): Ethically 
Minded; Health Conscious; Global Giant; 
Home-Body; Pleasure Seeker 
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 Busy weekdays: buys simple healthy dishes for lunch, usually with meat (e.g.. Chinese 

pastry or Japanese food). Has a simple dinner (e.g.. congee – a dish made with oats) or 
eats out with friends. 

 Enjoys cooking at the weekend: weekends are for family time, eating home-cooked 

meals rather than going out. Uses “Who’s Cooking” software to learn recipes. 

 Buys meat from the Supermarket (Carrefour) rather than closer convenience stores 
because the choice is better and fresher. 

 Doesn’t shop online for meat because he finds it easy to buy in the store. 

 Chooses chilled meat over frozen because the quality is better and it tastes better, 
although he’ll sometimes freeze it himself at home if he can’t eat it the day he buys it. 

 Opts for packaged over loose meat because they are branded, more convenient, better 
quality and safer. 

 Finds steak difficult to cook so tends to have this when he goes out to restaurants rather 
than at home. 

 Prefers to buy for pre-sliced raw meats because he finds it difficult to chop it himself. 

 Japanese and Australian are his favorite imported meats but says the selection is still 
limited. 

 Prefers to eat smaller quantities of good quality meat, over larger quantities of cheap 
local meat. 

 

 
What does this mean for the project? 

 

 Prioritise the development of Smart Packaging technologies which preserve the freshness 
status of the meat. 

 Emphasise “freshness” and “purity” in branding and on-pack claims. 

 Promote healthy characteristics of the product on-pack 

 Promote Australia as a country of origin on-pack 

 Offer family pack sizes of meat 
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Profile of a DINK (Dual Income No Kids) household from Chengdu 
 
 

“We have popular dishes at home every day, 

so like to have something new when eating 

out.” 

 
 

 
“The price of what I buy is about RMB 40-50 

per portion, the price of imported meat 

cannot be too high. If its like RMB 200 per 

piece, I won’t buy it.” 

 
 
 
 
 

 
“The price of what I buy 

is about RMB 40-50 per 

portion, the price of 

imported meat cannot 

be too high. If its like 

RMB 200 per piece, I 

City: Chengdu 
Age: 29 years old 
Lives: With his wife 
Occupation: Real Estate Manager 
Income: 30,000 RMB 
TrendSights Segment(s): Health 
Conscious; Global Giant; Pleasure Seeker 

 
 

 

 Cooks at the weekend while relying on food deliveries and meals at his parents during 
the week. 

 Favours Western and Mexican cuisine and enjoys eating them during special occasions 
and celebrations. 

 Prefers beef but will also consume lamb more during the winter time. 

 Chooses chilled meat over frozen because it tastes better. 

 Enjoys experimenting with new dishes when cooking at home, while having more 
traditional Chinese dishes at his parents. 

 Shops differently depending what he’s buying: goes to the supermarket for Western- 
style ingredients (e.g. steaks, lamb chops) and wet market when making Chinese food 
(e.g. beef brisket). 

 Negative experience buying meat online from Taobao as the steak was attractively 

cheap but arrived “mouldy.” Would consider buying online again “if they have good quality 
like the supermarket” and it is delivered chilled not frozen. 

 Avoids processed meats (e.g. burgers, meatballs) because he’s concerned over the 
quality following negative media reports. 

 Trusts family/friends’ recommendations but not adverts or celebrity endorsement. 

 Price, date, weight and cut are the priority when buying meat, rather than origin. 

 Thinks imported meat is better but expensive however would consider buying if the 
price was lower. 

 Freshness of imported meat: concerns about added preservatives and storage during 
transportation need to be alleviated to justify price points. 
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 Positive perception of Australian meat: although unsure if he’s tried it before, he 
believes it is the “best in the world” and would consider paying “10-20% more.” 

 

 
What does this mean for the project? 

 

1. Prioritise the development of Smart Packaging technologies that preserve the freshness 
status of the meat. 

2. Emphasise “freshness” and “purity” in branding and on-pack claims. 

3. Promote the ethical advantages of Australian meat over local offerings, using on-pack 
certification logos to engage consumers at point of sale. 

4. Clearly display nutritional information on pack and emphasise naturalness of ingredients 
used. 

 

 
Profile of an older family with children from Beijing 

 
 

“I think imported meat is okay to eat. Those 

meats are inspected in order to come to 

China. But why are these goods not 

branded?” 

 
 

 
“I would prefer to go to the supermarket as I 

can check the meat closely. But if I place an 

order online you can only have whatever 

they delivered.” 

 
 
 
 
 

 
“Most of the time, I 

would rather cook and 

eat at home. Just 

because I feel much safe 

at home, and the flavor 

and taste is not so good 

City: Beijing 
Age: 40 years old 
Lives: With her husband and 11 year old 
son 
Occupation: Manager in Hotel industry 
Income: 80,000 RMB 
TrendSights Segment(s): Health 
Conscious; Home-Body; Global Giants 

 
 
 

 Travels frequently and enjoys taking in the culture and trying local foods. Recent 
vacations include Europe and America. 

 Health drives purchases: avoids chicken (“too many hormones”) and pork (“too fatty”). 
Eats beef because “it won’t make me fat.” 

 Will travel to buy good quality meat: buys meat from Neimeng Building (premium 
retailer in Beijing) which is “far away from here” because the meat is fresh. 

 Has bought meat online but has concerns over quality: “you have no way to check the 
goods. You just received whatever the seller delivered to you.” 
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 Takes care cooking quality meat: buys Australian beef because its safer and better 

quality than domestic and other imports (e.g.. US beef); and takes more care when 
preparing it because it’s expensive to buy. 

 Wants to see Australian meat “brands:” Would like to see actual Australian brands in- 

store, not just the origin. 

 Chooses pre-packaged frozen meats as they are not exposed to the air and are usually 
stay fresher longer than chilled. 

 Prefers to buy whole cuts as trusts the quality to be better than pre-cut which may have 
other meats/ingredients added. 

 Celebrates with Western food: pizza, chicken nuggets and chips feature on special 
occasions as it is her son’s favorite cuisine. 

 Does not trust packaged processed meats: “I have no idea what the meatballs are 
made of. I will make them myself.” 

 Uses mobile apps to learn recipes and news about cooking. 

 Prefers to eat at home than go out: “Just because I feel much safer at home, and the 
flavor and taste is not so good outside.” 

 

 
What does this mean for the Project? 

 

1. Prioritise the development of Smart Packaging technologies that preserve the 
freshness status of the meat. 

2. Emphasise “freshness” and “purity” in branding and on-pack claims. 

3. Promote the naturalness of Australian meat, by highlighting it is free from 
preservatives, hormones and other additives. 

4. Highlight health/nutritional benefits on-pack (e.g. low fat). 

5. Create a brand for the Chinese market, which projects an image and a complete 
package 
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Profile of an older couple whose child has left home from Hangzhou 
 
 

“I prefer beef. It has less fat. Pork has too 

much fat.” 

 
 

 
“Local beef does not look good. Australian 

beef is bright. Looks very fresh. Local one 

may be frozen too long. Looks grey.” 

 
 
 
 
 
 
 

“I’ll pay more for better 

quality.” 

 
 

“It’s better to have a 

brand. I can mention the 

brand to other people ” 

City: Hangzhou 
Age: 43 years old 
Lives: With her husband. Her 20 year old 
is away during the week studying. 
Occupation: Manager in textiles 
Income: 40,000 RMB 
TrendSights Segment(s): Health 
Conscious; Home-Body 

 
 

 

 Beef is her favourite meat: prefers beef because it’s less fatty than pork. 

 Has better food when son is home: cooks simple food during the week, but have “better 
food” and more variety such as steak when her son is home at weekends. 

 Eats out at upscale restaurants: only eat out at upscale restaurants (RMB 70-100 per 

head) because they are clean, and goes to 5* hotel buffets on special occasions because 
of the variety and quality (e.g.. thinks they serve Australian or NZ beef). 

 Cooks simple dishes at home: uses recipes passed from her mother, but sometimes 

learns from TV shows, friends or product packaging information. 

 Prepares convenient Western food for her son: her son enjoys steak, spaghetti, lamb 
chops and hot dogs which she claims are “simple and convenient.” Happy to buy packaged 
processed meats like burger patties and meatballs as they are quick. 

 Prefers chilled meat over frozen because it preserves the quality and texture better. 

 Buys Australian meat from Lianhua Supermarket: buys from a special counter in-store 
for Australian beef. Thinks Australian beef is safer and looks better, and is prepared to pay 
more for it. 

 Rarely buys meat online: thinks imported beef online seems “too cheap” which raises 
concerns over the quality. Tried it once but the texture was “too soft.” 

 Origin, cut and price are most influential when buying meat and will spend RMB 70 on 
quality steak which she considers a premium price. 

 Cleanliness is key: Does not like buying local meat because the displays are messy and 
piled up. Prefers to buy meat that’s individually packed, priced and very clean. 
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 Plans to buy more premium meat: will buy better quality meat rather than a higher 
volume in future as “you can only eat so much meat.” 

 

 
What does this mean for the Project? 

 

1. Offer Australian meat in familiar formats that Chinese consumers are used to. 

2. Use on-pack health claims to promote the benefits of Australian red meat. 

3. Ensure healthy offerings do not compromise on flavour or taste; and clearly communicate 
this to the consumer using phrases such as “real,” “fresh” and “pure” to evoke both a tasty 
and healthy image. 

4. Promote the ethical advantages of Australian meat clearly on pack. 

 

 
Profile of a multi-generational household from Hangzhou 

 

 

1. Consumes meat with every meal: chicken and pork are consumed most often, has 

fish most days and beef occasionally, but rarely eats lamb/mutton. 

2. Health is a priority: he eats prawns often because he perceives them to be healthier 

than meat. Buys beef because he believes it is good for his son’s health. 

3. Sticks to familiar dishes: when cooking he makes dishes passed down from his 
family, rather than following recipes and is not interested in trying something new. 

4. Prefers Chinese cuisine to Western: they have Western food such as steak 

occasionally because his son enjoys it and its healthy. 

5. Branding is not important: claims to have found no difference between branded pork 

and others, so is not really brand conscious when buying meat. However the overall 
packaging is important. 

6. Freshness influences meat purchases: always checks expiry dates and the colour 
of the meat for freshness (“dark colour indicates the flesh is not so fresh.”) 

 

“We all believe that, 

compared to pork, beef 

may benefit my child’s 

growth. Americans look 

tall and strong, it may 

have some relation 

with beef, as they like 

beef a lot. For us, we do 

hope our child can 

grow taller, so we 

encourage him to eat 

“I can roughly tell a bad meat from a good 

meat, but won’t be able to tell a premium 

one from a normal one.” 

City: Hangzhou 
Age: 38 years old 
Lives: With his wife, 6 year old son, and 
his parents (five person household) 
Occupation: Office worker 
Income: 430,000 RMB 
TrendSights Segment(s): Busy Lifestyler; 
Health Conscious; Home-Body 
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7. Prices and promotions are influential: will buy meat if the price is not too high and 

will buy more meat when its on promotion. Thinks imported meat can be cheaper than 
domestic when bought on promotion online. 

8. Food safety is a key driver: “Once a problem with a product is exposed, we will never 

buy from the brand again.” 

9. Thinks Australian is better: Believes Australian beef better than local because the 
cattle have been raised on grasslands and the meat is safer. The brand is not 
important, but origin is. 

10. Buys meat online or in the supermarket: purchases frozen imported meat online 

from COFCO when on promotion as there’s more choice and its cheaper than the 
supermarkets. 

 

 
What does this mean for the Project? 

 

1. Offer Australian meat in familiar formats that Chinese consumers are used to 

2. Use on-pack health claims to promote the benefits of Australian red meat 

3. Ensure use-by dates are prominently displayed and the product is visible inside the pack 
to address freshness concerns. 

4. Promote Australia as a country of origin on pack 

 

 
Other relevant insights are (Canadean 2016b): 

 

 Ensure meat is fresh in colour 
“To define a beef as a superior quality the colour can not be too scarlet. Too deep a colour 

may come from dyeing. If it’s too light, it might also have problem. It should be well 

balanced.” Restaurant manager, Chengdu. 

 
 Create a brand 

“I want to see brands rather than just buying “Australian” beef. It’s better to have a brand. I 

can mention the brand to other people.” Female Empty Nester, aged 43 from Hangzhou. 

 
 Promote benefits to justify premium 

“I want to know what the cow eats, how much protein, and nutritional content. I want this on 

the label of top grade meat.” Male, aged 25 from Beijing. 

 
 Less packaging can be more 

o “Chinese are no longer going just for luxury packaging. Now people go for the basic quality 
packaging with quality goods.” Innovation Manager, Miandian Food Company Ltd, 
Shenzhen. 

o “I judge a good quality meat by simple packaging and just one label. Simple means real.” 
Father, aged 38 from Shanghai. 
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 Safety guarantees are essential 
“I’m concerned about the quality of imported meat. I’m not sure if the meat will be affected 

by some kind of bacteria during the transportation. I’m not sure about the safeness of the 

imported meat.” Mother, aged 40 from Beijing. 

 
 Frozen is not a barrier to freshness: 

“With imported foods, the chilled meat is not as good as frozen when it comes to freshness.” 

Father, aged 38 from Hangzhou. 

 
 Individual packaging is better 

“Meat display must be clean and tidy. It shouldn’t look like the local meat display. They pile it 

up in the middle. Very messy. I like to see meat displayed individually packed and priced, 

and very clean.” Female Empty Nester, aged 43 from Hangzhou. 

 
 Wrapping is important 

“I like the vacuum packaging that is used for online meat deliveries. It looks well wrapped. I 

would like to be able to buy the same packaging from the supermarket.” Father, aged 38 

from Hangzhou. 

In summary, the key insights from the top five cities to target in China are: 
 

 Reassure the freshness and safety characteristics of meat not only on pack but also 
through the development of new technology. Offering innovative products which spark 

conversation can help build brand awareness from trusted sources and in turn will encourage 
product trial and raise the profile of Australia and Australian origin meats in China. (Canadean 
2016a) 

97% of consumers across the five cities trust family and friends, making them the most 

trusted information source when shopping for meat (Canadean 2016a) 

 Consider packaging for frozen meat. Not only on-pack labeling, but also technologies that 
can improve the preservation and the presentation of the frozen meat, as sales of frozen red 
meat are forecast strongest growth out of the top five cities over the next five years (Canadean 
2016a) 

 Clearly highlight nutritional content on pack as well as the health benefits of red meat 

(e.g.: levels of beneficial nutrients such as being high in protein and iron) Approximately 10.7% 
of meat sales volume in China are influenced by health motivations, which translates to around 
99.4k tonnes of red meat in the top five cities combined in 2020 (Canadean 2016a). 

 

 
Opportunities and Solutions 

 

Chilled counter meat dominates sales, but packaged and frozen meat is the biggest opportunity 

and is expected to continue to grow away from counter/loose meat. (Canadean 2016a) 

(Canadean 2016b). 

By 2020, fresh counter red meats’ sales value will have declined to 67% of total red meat sales. 

The market for frozen red meat will be 7.6bn CNY and chilled packaged red meat will be 10bn 

CNY (Canadean 2016a). Solutions to help overcome these challenges are mentioned below. 
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Freshness 
 

 Active packaging: Solutions that are embedded in the packaging material and interact with the 
product. For example, a company called Toppan has a freshness preserving agent product. 
The oxygen absorption properties of this product inhibit oxidization and the formation of 
bacteria and mold within packages, resulting in improved product freshness and quality 
(Solomon 2016) (Thompson Reuters 2016). 

 
 Other active packaging solutions are: modified atmosphere, tamper evident packaging, 

moisture barriers, scavenging technology and self-heating exothermic packaging (Solomon 
2016). 

 

It is advisable to complement one of the previous solutions with the implementation of on-pack 

freshness indicators for reassurance (Canadean 2016a). 

Freshness is the top priority for Chinese consumers when shopping for meat. Although it is less 

of a priority for current imported meat consumers; it will be essential to encourage new 

consumers to try imported options (Canadean 2016a). 

Almost half of consumers in the five cities (44%) consider the “colour of the meat” one of the 

most influential factors when shopping for meat; in addition to the 64% who are influenced by 

freshness. Technology such as MAP will help ensure meat looks as fresh as possible in colour 

and appearance for longer (Canadean 2016a). 

Counterfeit 
 

 The use of nanotags® (Honey & Fox 2017b): This system consists of two parts: 

 
1. A cover protection: a tiny metallic tag attached to the surface of the product and will react 

when buyers scan the product with an ultraviolet light. In that way buyers can prove that 
the product is genuine. 

2. Overprotection: High Security stickers, labels, seals and packaging tape applied to the 
product and/or its packaging which recognises the product as protected by the NanoTag© 
Brand Protection system. This system has been successfully implemented in the 
Australian Wild Abalone industry (AWA). 

 

 
The potential for fraud is an ongoing issue in export markets. Once value is established in a 

brand it is inevitable for copies to be made (Honey & Fox 2017b). 

 Use of QR codes and RFIDs to enable traceability and verification of the products (KPMG 
2016). 

 
86% of consumers in the five cities consider information on brand/manufacturer websites at 

least somewhat trustworthy when shopping for meat. Given 40% of Chinese meat 

consumers find interactive packaging exciting or essential in product packaging, interactive 

packaging can help help build trust and drive purchase (Canadean 2016a) 
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 Implementation of Blockchain ecosystems to prove the provenance of the product. Blockchain 
is a distributed database that can mathematically guarantee the existence of a data record at 
a point of time (KPMG 2016). Due to the decentralised characteristic of the Blockchain, 
Xinova’s use of the technology would provide consumers with product provenance guarantees 
from a reliable third-party, which is independent of Xinova’s systems. 

 

Environmentally friendly 
 

Sealed Air Corporation and Ecovative Design LLC completed an agreement to accelerate the 
production, sales and distribution of Ecovative’s EcoCradle® Mushroom® Packaging, a new 
technology for environmentally responsible packaging materials made from agricultural 
byproducts and mycelium, or “mushroom roots” (Thompson Reuters 2016). 

 

Consumers in Beijing are most likely to strongly agree that the meat they buy is environmentally 

sustainable and are prepared to pay more for this (36%). Although levels of pollution in Beijing 

are extreme, with CO2 emissions standing at 11 metric tons per capita, this can be to Australian 

meat supplier’s advantage as consumers become more willing to spend on clean, green 

products and those stressing environmental friendliness (Canadean 2016a). 

Attractiveness 

 
 

 Use transparent packaging to ensure the product inside is clearly visible (Canadean 2016b). 

 
The packaging features that Chinese consumers consider most essential or exciting are 

bright colours, interactive packaging (e.g.: QR codes) and unique shapes. However, with 

sensory cues such as colour of the meat and visibility of ice/blood in packs also important; it 

is essential that bold marketing includes an element of transparency (Canadean 2016a) 

 
Visual cues are extremely important to Chinese meat buyers, with 44% in the five cities 

considering colour of the meat as one of the most influential factors. Visibility of blood, ice 

and fat in the pack are also influential for many. Indeed, the lack of product visibility is cited 

as one of the main barriers to buying meat online (Canadean 2016a). 
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Transparent pack with eye-catching and informative 
 

overlay 

 
 Use innovatively shaped packs and brightly coloured labels, such as with imagery of Australia, 

to make the transparent packaging stand out (Canadean 2016b). 

 
Almost half (47%) of Chinese meat consumers find bright colours essential or exciting in 

product packaging, while 42% feel the same about unique shapes; highlighting the 

importance of packaging to help sell Australian meat (Canadean 2016a). 

 
Although less important than freshness cues, many consumers are influenced by country of 

origin and brand when buying meat. Building a strong brand presence and positive image of 

Australia will be important in encouraging consumers to choose this over other meat options 

(Canadean 2016a). 

 

Bright colours offer strong shelf-standout Using country of origin as a key 

selling point 
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 Use on-pack certification logos to build trust (Canadean 2016b). 

 
The strong influence of use-by dates highlights that freshness is still a concern to imported 

meat consumers when shopping for meat, but factors like country of origin and animal 

welfare also hold greater sway compared to the average meat consumer (Canadean 

2016a). 

 
Ethical considerations are said to drive around 5.4% of volume meat consumption in China 

overall. 1 This will equate to around 50.2k tonnes of red meat in the five target cities 

combined in 2020 (Canadean 2016a). 

 
Almost half of consumers in Beijing consider on-pack certification logos to be completely 

trustworthy in informing their decision when shopping for meat. (3.2) 

 

 

Organic food certification 
 

 Offer large pack sizes to cater to large households and families (Canadean 2016b). 

 

Those who are already frequently consuming imported meat are most likely to be from 

households of at least three or more. Furthermore, consumers from three of the four key 

TrendSights segments (Pleasure Seekers, Health Conscious and Global Giants) are most likely 

to be from large households with five or more members (Canadean 2016a) 

 
 

KEY SUCCESS FACTORS 
 

It was recommended that the associated RFI be reviewed. The following criteria were presented 

for a successful solution to be identified in Smart Packaging: 

1. Must prove the authenticity of a product in terms of their origin. Premium products demand a 
premium price tamper-proofing technology that provides provenance and prevents 
counterfeits. This is a key value proposition for customers. 

 
2. Must support consistently high-quality standards of shelf life optimization, 

quality/grading/safety systems, and in secure, individual packaging (or small portions). 

 

3. Recommended to have a strong country-of-origin premium branding, utilizing premium 
packaging design elements to emphasize ‘naturalness’ (e.g. free from …), clean, green, 
health, and satiety qualities (Canadean 2016b). 
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4. The packaged cut of meat must be carefully selected & well matched to the Chinese palate 
for repeat purchases. The meat must also be visually attractive and red in colour. 

 
5. The value proposition should include cooking instructions to educate the consumer. A 

consistent message of the consumer not being able to correctly prepare and cook the cut 
must be addressed or the likelihood of repeat purchases will be jeopardized. 

 
6. Australian red meat options must be available at convenient locations where people 

currently shop and provide confidence about a secure cold chain. 

 
 

Other factors to consider are: 
 

1. Strategic connections are important in China particularly if they aid with the supply chain 
complexity (Honey & Fox 2017a). Also, if a new technology requires training or education, it 
is important that the staff in contact with the product along the supply chain understand the 
packaging system. 

 

2. Australian red meat value chain participants must work closely with Chinese authorities to 
assist with the introduction of new innovations and to test tolerance and acceptability levels 
(Solomon 2016). 

 

 
Desirability criteria Viability criteria Feasibility criteria 

 
 Packaging must: 

o Be transparent for 
consumer to visually 
check the product 
inside. 

o Make the meat look 
fresh and with an 
appealing colour. 

o Be attractive and 
engaging. 

o Clearly highlight 
nutritional content as 
well as highlighting 
the health benefits of 
red meat (e.g.: levels 
of beneficial 
nutrients such as 
being high in protein 
and iron). 

o Promote ethical 
credentials of meat 
products on pack 
such as being free- 

 
 Competitors are offering 

significantly more 
attractive packaging 
than Australia. (e.g. 
US). New packaging 
must clearly 
differentiate Australian 
red meat (see 
desirability criteria) from 
the rest of the world. 

 Packaging must be: 

o Protectable from 
copying by 
competitors. 

o Protectable from 
tampering by 
partners in the 
supply chain. 

o Cost effective 
and not add 
disproportionate 
costs to the 
product. 

 
 Adopt modified 

atmosphere packaging 
(MAP) to ensure colour is 
a desirable red to 
emphasize freshness 

 Adopt interactive 
packaging (e.g.: QR 
codes) to provide greater 
information on the 
product, without 
cluttering packaging 
labels. 


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range, pasture- 
raised, or grass fed. 

o Highlight natural 

credentials such as 
being antibiotic and 
hormone-free. 
Organic certification 
can strengthen these 
credentials and 
enhance trust. 

 Visibility of blood and ice 
inside packs is kept to a 
minimum to ensure 
products are visually 
appealing. 

o Adoptable into 

Australian red 
meat producers 
current 
packaging 
processes (or 
with very 
minimal 
changes). 
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Appendix 1: Smart Packaging Technology Overview 

This Section first reviews the classification of smart packaging technologies and solutions. 

Technologies and solutions in each subcategory are briefly defined and introduced. Those 

recently developed technologies in laboratories and commercial applications in the five key 

areas (described in Section 4.2) are then introduced and discussed in detail. 

Classification of Smart Packaging 

“Smart packaging”, sometimes referred as “advanced packaging” is more of a colloquial term 

than a scientific definition in the food and packaging sciences. The classification of smart 

packaging technologies may have minor discrepancies from different sources, but it can be 

generally described as in Table 4-1: 

Table 1 Classification of Smart Packaging 
 

Type of Smart 

Packaging 

Descriptions 

Active Packaging Packaging systems incorporating of certain components which 

release or absorb substances from or into the packed food or the 

surrounding environment so as to prolong shelf life and sustain the 

quality, safety and sensory characteristics of the food (Realini and 

Marcos 2014). 

Modified Atmosphere 

Packaging (MAP) 

Packaging involving the alteration of the surrounding air/internal 

atmosphere of a package with gases (e.g., oxygen, carbon dioxide 

and nitrogen) (BCC Research 2015). 

Intelligent Packaging Packaging capable of detecting, sensing, recording, tracing, or 

communicating information about the quality and/or the state of the 

product during the entire supply chain (Realini and Marcos 2014). 

Active packaging 
 

Further classification of active packaging technologies is summarised in Table 4-2 (Realini and 

Marcos 2014; BCC Research 2015; MLA A.RHC.0004 2015): 

Table 2 Classification of Active Packaging 
 

Classification of 

Active Packaging 

Descriptions 

Moisture Absorber Packaging which absorbs excess water, in order to prevent 

bacterial and mould growth; most common systems consist of a 

super absorbent polymer located between two layers of a 
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microporous or non-woven polymer in the form of a drip-absorbing 

pad in tray-formatted meat products. 

Oxygen Scavenger Packaging which reduces residual oxygen in the package, in order 

to prevent proliferation of aerobic bacteria and moulds and/or to 

prevent photo-oxidation processes when exposed to store lighting, 

leading to changes in flavour, colour, texture, and nutritive values of 

the meat products; common scavenging mechanisms include iron 

powder oxidation, ascorbic acid oxidation, photosensitive dye 

oxidation, enzymatic oxidation, unsaturated fatty acid oxidation, and 

immobilised yeast oxidation on a solid substrate typically in the form 

of a sachet, as well as more advanced O2 scavenging labels. 

Antimicrobial 

Packaging 

Packaging which actively controls the growth of microorganisms by 

extending the lag phase and reducing the growth phase of 

microorganisms; most common system include silver-based 

antimicrobial materials in the form of masterbatch. 

Carbon Dioxide 

Emitter 

Packaging which increases CO2 levels which is desirable for red 

meat and poultry; most common systems are based on absorbing 

fluids from the packed food and then activating CO2 emission in the 

form of a drip pad. 

Antioxidant Packaging Packaging which inhibits oxidation in meat products; generally by 

incorporating antioxidant agents into sachets, labels, or coatings, or 

immobilised on the packaging material surface, the polymer matrix, 

multilayer films, tec. 

Colour Formation 

Packaging 

Packaging which enables the formation of a red colour for packed 

meat products; one commercial product uses a sodium nitrite- 

containing film which promotes the formation of red colour formation 

in vacuum packed meat. 

Odor Absorber Packaging which reduces confinement of odours and maintains the 

desired aroma profile. 

Edible Coating Packaging with improved permeability, which leads to 

improvements in perceived qualities, such as tenderness, via 

consumable bio-packaging materials directly applied to the meat 

surface; common edible coatings are protein-based, whey-based, 

polysaccharide-based, cellulose-based, pectin-based, or gellan 

gum-based. 

UV Blocking 

Packaging 

Packaging which blocks UV light or rays and thus minimises the 

adverse effects of the sun on packaged meat products; most 
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Modified Atmosphere Packaging (MAP) 
 

Further classification of MAP technologies is summarised in Table 3: 

Table 3. Classification of MAP types 

Classification of MAP Descriptions 

Low Oxygen (or 

anoxic) MAP and 

Vacuum Packaging 

Packaging that excludes and replace of O2 from within the 

packaging to minimize metmyoglobin, which causes meat colour 

deterioration; the most common gases used to replace O2 are N2 

and CO2; poultry and processed meats commonly use low oxygen 

MAP or vacuum packaging (Ščetar et al 2010). 

High Oxygen MAP Packaging using high O2 atmosphere (typical 80% by volume) to 

promote a bright red colour when raw; raw red meat commonly 

uses high O2 MAP, although different cuts and storage conditions 

may be sensitive to the O2 percentage (MLA A.RHC.0004 2015). 

 
 

Intelligent Packaging 
 

Further classification of intelligent packaging technologies is summarised in Table 4 (Realini and 

Marcos 2014; BCC Research 2015; Ghaani et al 2016): 

Table 4 Classification of Intelligent Packaging 
 

Classification of 

intelligence Packaging 

Descriptions 

Time Temperature 

Indicators (TTIs) 

Indicators which continuously monitor the time and temperature 

history of chilled and frozen products throughout the supply chain 

based on various mechanisms, such as physical, chemical, 

enzymatic or biological processes. 

Integrity Indicator Indicators which provide information on package integrity 

throughout the supply chain, with gas indicators being most 

commonly used in meat products; while leakage of various gases 

can be detected, this technique is most commonly used for O2. 

common systems incorporate UV blockers as an additive in the 

packaging material or as a coating for packaging materials. 
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Freshness Indicator Indicators which monitor the quality of the packed food via chemical 

or biological reaction to changes occurring in the fresh food 

products as a result of microbial growth or metabolism. 

Barcodes A pattern of parallel spaces and bars arranged to represent data 

that can be read by an optical barcode scanner that sends the 

information to a system where it is stored and processed; one- 

dimensional (1D), two-denominational (2D), and quick response 

(QR) 2D barcodes have been all developed and have found market 

applications. 

Radio-frequency 

Identification System 

(RFID) 

An RFID system including three main elements: a tag formed by a 

microchip connected to an antenna; a reader that emits radio 

signals and receives responses from the tag in return, and middle- 

ware that bridges the RFID hardware with an enterprise application; 

current applications of RFID relevant to this project include systems 

used for pallet identification, product identification and traceability, 

cold chain monitoring, shelf life prediction, etc. 

 

 

Smart Packaging Technologies and Solutions Addressing the 

Five Specific Challenges Faced by Australian Red Meat 

Producers 

Food Safety 
 

Food packaging is traditionally defined as a passive barrier or means of delaying adverse 

effects of the environment on the packaged food. Resulting from the changing lifestyles, safety, 

and health consciousness of global consumers, the function of food packaging has evolved from 

such simple protection and preservation to include a range of advanced solutions in order to 

address new demands from consumers, although ensuring food safety and product quality 

remains the top priority for food producers. This is particularly true for Australian red meat 

exporters since microbiological contamination of red meat is one of the main sources of food 

borne illnesses (Realini and Marcos 2014). In this section, smart packaging technologies and 

solutions that can help Australian red meat producers to ensure the safe delivery of meat 

products to consumers are reviewed and discussed. Both research and industry trends, as well 

as consumer perceptions are also identified. 

Active packaging technologies incorporate subsidiary constituents in the packaging material or 

packaging headspace to enhance the protection performance of the packaging system, and 

therefore can theoretically also contribute to food safety and quality assurance. However, for 

the purposes of this report, active packaging and, for a similar reason, MAP, will be both 

discussed in the subsequent section pertaining to Shelf-Life. 
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Indicators 
 

Indicators convey information. Based on the types of information they convey, indicators can be 

generally classified into three categories: 

1. Freshness indicators; 
 

2. Integrity indicators; and 
 

3. Time-temperature indicators (TTIs) 
 

The conveyed information, which can relate to the presence or absence of a substance, the 

extent of a reaction between two or more substances, or the concentration of a specific 

substance or class of substances most often is displayed by immediate visual changes, for 

example, by different colour intensities or the diffusion of a dye along the indicator geometry 

(Ghaani et al 2016). Although there are differences among types of information conveyed and 

the mechanisms to obtain such information, these three types of indicators can all communicate 

information regarding food safety to retailers and consumers. 

Freshness indicators provide the most direct information on product quality and whether it may 

be compromised either due to exposure to detrimental conditions or due to exceeded shelf life. 

Older generation TTIs did not provide any direct information regarding the quality of food; rather, 

they monitored and recorded detrimental changes in temperature fluctuations (e.g., above or 

below a reference critical value) over time along the food supply chain. However, current TTIs 

are more user-friendly devices, with information is readily understood by consumers as being 

directly related to the quality of the food item through mathematical prediction models that 

predict and estimate microbial growth. 

Integrity indicators can either work as leak indicators, providing information regarding a 

package’s integrity throughout the whole distribution chain or more simply providing information 

about how long a product has been opened. In either case, stakeholders throughout the supply 

chain can have access to warnings that the package integrity has been compromised and the 

packed contents may not be safe to consume anymore. For example, prior studies have 

established critical leak size and associated meat quality deterioration for MAP meat products 

(Smolander 1997). 

Table 5 outlines commercial applications of indicators that may help retailers, consumers and 

other stakeholders throughout the supply chain to determine whether food safety has been 

compromised. Some commercial applications in other food sectors other than the red meat 

industry are also included, where the mechanism or the format of the indicator itself can be 

adopted for the red meat industry. 
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Table 5 List of commercial applications of food indicator technologies. 
 

Trade or Product Name Supplier Format/Function 

Freshness Indicator 

Fresh Tag® COX Technologies Colourimetric indicator 

SensorQ™ FQSI Inc. pH-sensing indicator 

Freshness Guard1
 UPM Raflatac Colourimetric indicator (silver 

nanolayers) 

RipeSense™ Ripesense Limited Colourimetric indicator for 

ripeness 

Integrity Indicator 

Timestrip® Timestrip Ltd. Time indicator label 

Novas® Insignia 

Technologies Ltd. 

Time indicator label 

Best-by® FreshPoint Lab. Time indicator label 

Ageless Eye® Mitsubishi Gas 

Chemical Inc. 

Gas indicator tablet 

O2Sense Freshpoint Lab Gas indicator tablet 

Vitalon®* Toagosei Chemical 

Inc. 

CO2 gas indicator 

Freshilizer* Toppan Printing Co CO2 gas indicator 

Tell-Tab IMPAK, USA O2 gas indicator 

Time Temperature Indicators 

(TTIs) 

3M Monitor Mark® 3M Company Fatty acid ester TTI 

Keep-it® Keep-it Technologies Chemical TTI 

 

1 Freshness Guard is not commercially available at present. However, in December, 2014, UPM has 
announced that UPM and Indicatorium Oy have entered into an agreement for the international 
commercialization of the food freshness indicator technology developed by UPM. The product of this 
commercialization collaboration is not commercially available at the time of this project being prepared. 
http://www.spinverse.com/indicatorium-commercialise-upms-food-freshness-indicator-innovation/ 

http://www.sorbentsystems.com/tell-tab.html
http://www.spinverse.com/indicatorium-commercialise-upms-food-freshness-indicator-innovation/
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Fresh-Check® Temptime Corp. Polymerization reaction TTI 

VITSAB® VITSAB International 

AB 

Enzymatic TTI 

OnVu® Freshpoint and Ciba Photochemical reaction TTI 

TopCryo® TRACEO Microbiological TTI 

FreshCode® Varcode Ltd. Barcode based label TTI 

Tempix® Tempix AB Barcode based label TTI 

 

 
Freshness indicators monitor the quality of packed food by reacting to changes taking place in 

the package leading to changes in the concentration of metabolites such as glucose, organic 

acids (e.g. L-lactic acid), ethanol, carbon dioxide, biogenic amines, volatile nitrogen compounds 

or sulphuric compounds (Realini and Marcos 2014). By indirect detection of target metabolites, 

freshness indicators provide direct visual information, e.g., colour changes indicating the 

freshness of the product. Most of the freshness indicators reported in the literature are based 

on the detection of a single compound or parameter. As a result, they may all suffer drawbacks 

such as lack of specificity with the risk of offering false positives and false negatives (BCC 

Research 2015). One research project designed to address this issue involved the use of 

colorimetric sensor arrays to offer information through suitable colour modulations. In this work, 

the researchers developed an optoelectronic nose composed of seven sensing materials 

prepared by the incorporation of pH indicators and chromogenic reagents with different 

chemical recognition properties to monitor the quality of pork sausages (Solar et al 2014). 

Commercial applications of freshness indicators have not achieved much success. Fig.1 shows 

a few product examples. SensorQ™ and Freshness Guard appear not to be commercially 

available at present time. Despite many research activities, freshness indicators are still not 

currently widely commercially available. Some previous consumer studies have suggested that 

consumer interest and the cost of the indicators are likely not the reason. In a study of Belgian 

consumers’ perception and willingness to pay for freshness indicators, 71% consumers 

perceived the indicator to be useful as a food safety and quality device and they were willing to 

pay an average of $0.225 more for a product which incorporated an indicator as opposed to one 

without an indicator; however the cost of the indicator was only $0.025 to $0.035 per package 

(Fortin & Goodwin 2008). 

One reason for the relatively small market penetration of freshness indictors may be that neither 

the food producers nor the retailers are highly motivated in providing food products for 

consumers with a means of readily knowing that the content is no longer fresh. Therefore, one 

solution may be to integrate the freshness indicators into the tracing devices, such as RFID tags 

and labels to ensure that spoiled food products will be identified and removed before they reach 

the retailers and consumers. 
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Fig.1. Examples of freshness indicators: (a) SensorQ™, a stick-on sensor label applied by the 

meat packer to the inside of meat and poultry packages to detect the gaseous by-products of 

food-borne bacteria growing inside the package; (b) Freshness Guard, a freshness indicator for 

poultry meat based on a nanolayer of silver that reacts with hydrogen sulphide, a breakdown 

product of cysteine; (c) RipeSense® changes colour by reacting to the aroma released by fruit 

as it ripens. 

One type of integrity indictor provides information on how long a product has been opened. 

Such indicators are activated at the moment of breakage of the package and display a colour 

change with time, which serves to notify consumers of an unintended leak within the packaging 

or encourage them to use the food product before the expiration date. Fig.2 shows three 

commercial examples (a-c) of such integrity indicators. 

Gas indicators are another type of integrity indicator most commonly used in the meat 

packaging industry. Of these, the most common type of gas indicators used for MAP packaging 

applications are oxygen indicators, which typically involve a system consisting of a colourimetric 

redox dye, a reducing compound and an alkaline compound, which will induce colour change 

when oxidised by O2. One problem with this mechanism is that the colour change is reversible, 

such that the indicator can resume its original form when the O2 concentration is reduced. 
Redox-based oxygen indicators are also subject to dye leaching upon contact with moisture in 

the package’s headspace, although researchers have recently explored the use of an alginate 

polymer to prevent dyes from leaching out of colorimetric oxygen indicator films (Vu and Won 

2013). Fig.2 shows two commercial examples of reversible O2 indicators, namely Ageless Eye 

and O2Sense indicators. In 2013, EMCO Packaging announced plans that they were going to 

launch a non-reversible oxygen indicator label based on a unique liquid that changes colour in 

the absence of oxygen (Emco Active and Intelligent Packaging Technology 2016). This label 
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was not commercially available at the time of this report. 

 

Fig.2. Examples of integrity indicators: (a) The Timestrip® indicator offers a helpful visual 

reminder of service and maintenance schedules for consumable components; (b) a label can be 

embedded into a film lid and activated when consumer opens the package, thereby triggering a 

timer to show a strong colour change as the food loses freshness; (c) The BestBy® visual 

indicator clearly signals the end of the product’s secondary shelf life, encouraging consumers to 

use the product at its best and to re-purchase when the product is determined to have expired; 

(d) The Ageless Eye reversible O2 indicator turns blue or purple when exposed to oxygen then 

returns to its original pink colour as the oxygen in the container is reduced; (e) The O2Sense 

oxygen sensing products (patent pending) are aimed at the MAP market and can either be eye- 

readable or machine readable. 

TTIs are indicators that provide a visible response to mechanical, chemical, electrochemical, 

enzymatic or microbiological changes to the food products throughout the supply chain. Fig.3 

shows several commercial applications of TTIs which use time-temperature dependence of 

various reactions for continuous monitoring of the time and temperature history of the packed 

food. For example, 3M’s Monitor Mark® uses the melting and diffusing reactions of various fatty 

acid esters. Bizerba’s OnVu™ uses benzopyridines, a pigment that changes colour over time at 

temperature dependent rates. The trend in recent research involves the use of TTIs to predict 

food quality during shelf life by developing mathematical models to predict microbial growth 

based on the time-temperature dependence response (Ellouze and Augustin 2010). 

Some studies have found that some consumers have negative perceptions of TTIs, including 

concerns related to the reliability of the technology, misinterpretation of the TTI message, 

contradicted messages between TTIs and other freshness indicators, and the potential for an 

increase in food waste in circumstances where consumers rely too much upon the TTI labels 

rather than their own judgment to determine freshness (Pennanen 2013). As a result, as with 

other freshness indicators, TTIs may be more effectively deployed on a business to business 

(B2B), rather than a business to consumer (B2C), level (MLA A.RHC.0004 2015). Furthermore, 
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anecdotal evidence suggests that TTI cost may be a barrier to adoption for many refrigerated 

grocery goods. 

Fig.3. Examples of TTIs: (a) MonitorMark™, a self-adhesive label for monitoring thermal 

exposure of temperature-sensitive products during transportation and storage; (b) Keep-it, a TTI 

that predicts remaining shelf-life; (c) Fresh-Check®, a self-adhesive TTI specifically formulated 

to match the shelf life of the food products to which it is affixed; (d) VITSAB, a customised TTI 

label, such as the L5-8 Seafood label, which provides consumers with a full history of 

customised cold chain information; (e) OnVu™, a tailored TTI calibrated for the different 

spoilage behaviour of various foods and beverages, which is designed to be highly accurate and 

consistent in recording and displaying the freshness of the products, based on their time and 

temperature histories. 

Sensors 
 

Sensors detect, locate, or quantify energy or matter by proving a signal for the detection or 

measurement of a physical or chemical property to which the sensing device responds. Most 

sensors have four components: 

(1) Receptor, i.e., the sensing component; 
 

(2) Transducer, i.e., the measuring component; 
 

(3) Signal processing electronics; and 
 

(4) Displaying unit. 
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In contrast with indicators, sensors comprise receptor and transducer components and 

communicate information not through direct visual change but by responding to a chemical or 

physical quantity to produce a quantifiable output that is proportional to the measurement 

(Ghaani et al 2016). Because sensors and indicators are technically two different intelligent 

packaging technologies, they are discussed separately in this report. However, in many 

literature and patent references, such a distinction is somewhat arbitrary and the use of these 

two terms interchangeably is unavoidable. 

Established gas sensor systems include metal oxide semiconductor field-effect transistors 

(MOSFETs), piezo-electric crystal sensors, amperometric oxygen sensors, organic conducting 

polymers, and potentiometric carbon dioxide sensors (Ghaani et al 2016). The two main types 

of gas sensors are O2 sensors and CO2 sensors; however, the development of CO2 sensors for 

food applications has lagged behind that of O2 sensors because O2 plays a far more important 

role than CO2 in food deterioration. 

Another important type of sensor used in the food packaging industry is the biosensor. The 

main difference between chemical sensors and biosensors is the receptor material. While 

chemical sensor receptors are chemical compounds, biosensor receptors are composed of 

biological materials, such as enzymes, antibodies, antigens, phages, and nucleic acids. One 

advantage of the biosensor is its capacity to directly detect target metabolites produced during 

food spoilage 

One major challenge for both chemical sensors and biosensors is the means of integrating 

these devices into the food packaging system. Integration of sensors into food packaging for 

real-time and continuous quality monitoring involves three important aspects, each facing 

different challenges. Firstly, nontoxic and food-safe sensing components need to be used in 

order to prevent cross-examination. Secondly, a deep understanding of microbiology is 

required to engineer materials which are responsive to chemical or biological targets present in 

the food. Finally, the transducer system must meet the requirements for both safety and 

performance durability (Brockgreitens and Abbas 2016). 

One promising direction involves the use of printed electronics. This technology is expected to 

revolutionise the production of electronic devices on flexible substrates (Vanderroost 2014) with 

the global market for flexible and printed sensors projected to reach $9.6 billion by 2020 (Global 

Industry Analysts, Inc.2015 In a recent work, researchers have developed a screen-printed 

analogue-to-digital converter (ADC) with 4-bit resolution, which is a first step toward using near 

field communication (NFC) to transmit information on food conservation from sensors 

incorporated in packaging materials; this technology could enable monitoring of food quality 

using handheld devices (Cantatore 2015). One commercial application of printed electronics is 

Thin Film Electronics ASA’s “Smart Sensor Label”, which is a stand-alone, integrated printed 

electronic temperature-tracking label, designed for monitoring of perishable goods (Thinfilm 

2013). Another approach to integrate biosensors into food packaging is molecular imprinting, 

which creates recognition elements for selected analyte molecules. Johns Hopkins Applied 

Physics Lab has developed molecularly imprinted polymers (MIPs) and has used these polymer 

materials to detect meat spoilage through colour change (Jacobovitz 2014). 
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Another research trend involves the use of nanosensor technologies in meat processing 

technologies and packaging to improve food safety and reduce the frequency of food-borne 

diseases. Recently, scientists have used nanosensors to detect the presence of gases, 

aromas, chemical contaminants, and pathogens (Duncan 2011). Due to the unique chemical 

and electro-optical properties of various nanoscale particles, nanosensors are theoretically able 

to detect microorganisms or chemical contaminants at extremely low levels. For example, 

scientists have developed nanosensor technology that can detect picomolar (pM) levels of 

protein-based bacterial toxins (Warner et al 2009) and parts-per-trillion (ppt) levels of gaseous 

amines as indicators of fish and meat spoilage (Hernandez-Jovier et al 1996). Recently, 

researchers from MIT have developed carbon nanotube-based sensors, which can be deployed 

in food packaging systems to detect sub-ppm levels of gases emitted by rotting meat (Liu et al 

2015). 

Despite the bright potential of nanosensors in food packaging industry, there have been great 

challenges as well. For example, there are major concerns with respect to the safety of 

nanotechnology in general, and some consumers fear that nanoparticles used in food 

packaging materials could enter into the food itself, posing health risks. Additional issues that 

need to be addressed include the high costs associated with nanotechnology research and 

development, as well as stringent regulatory environments (Technavio 2014). Such concerns 

may reduce the adoption of nano-enabled packaging technologies. 

 
The sensor technologies discussed above are all based on electrical transducers, meaning that 

the transducer generates an electrical output signal in proportion to the change of an electrical 

property of the receptor. Recently, transducers that generate optical output signals have 

attracted considerable interest from the scientific community as well as industry. Compared to 

sensors based on electrical transducers, sensors based on optical transducers do not require 

an electrical power supply and can be powered and read out from a distance via UV, visible, or 

IR light. In addition, such sensors can leverage the existing infrastructure and methodologies 

that are used to manufacture conventional silicon semiconductors and, therefore, are capable of 

being produced on a large scale, at low cost (Vanderroost 2014). Recently, a research 

consortium, ChekPack, has initiated a research project to develop an optical sensor that can be 

integrated into food packaging in order to detect spoilage of food products (by determining the 

respective concentrations of various volatile compounds) and to verify the integrity of food 

packaging (by measuring CO2 and O2 concentrations) (CheckPack 2016). 

 
Research and development of sensor technology has historically largely focused on the 

environmental and biomedical industries. Because sensor technology has huge potential to 

provide rapid and quantitative detection of food quality, by determining freshness, microbial 

spoilage, oxidative rancidity, and oxygen/heat induced deterioration, there has been a 

tremendous amount of sensor research activity in the field of intelligent packaging. However, 

due to high development and production costs, stringent industry specifications, safety 

considerations, and relatively limited demand (in comparison to the biomedical sector), very few 

systems to date have found commercial success in the market (Kerry 2012). Further cross- 

disciplinary development in materials science, nanotechnology, signal processing, printed 

electronics, process control, and silicon photonics, along with knowledge transfer from more 
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established environmental and biomedical industries, will likely lead to wider adoption of 

sensors in the food packaging industry. Table 6 outlines commercial examples of two 

classifications of sensors that have been used in food safety applications. 

Table 6 List of commercial applications of sensor technologies 
 

Trade or Product Name Supplier Format/Function 

Gas Sensor 

OxyDot - O2xyDot® Oxysence fluorescence quenching O2 sensor 

Biosensor 

Food Sentinel System™ SIRA Technologies 

(USA) 

Biosensor (barcode) 

Toxinguard® Toxin Alert Inc. Monitor Pseudomonas sp. growth 

Flex-Alert Flex-Alert (Canada)  

 
 

Shelf-Life 
 

The role of packaging to extend food shelf life, particularly for meat products, is increasingly 

important. Active packaging can extend shelf life and improve product quality by incorporating 

active components into packaging systems, whereas MAP is used to extend shelf life by using 

gases to alter the internal atmosphere of a package. In this section, these two packaging 

solutions were identified as ways that may help Australian red meat producers extend product 

shelf life and hence realise new business opportunities. 

Active Packaging 
 

Active packaging technologies and solutions generally can be classified, according to their 

various functions, into six categories: 

1. Moisture absorbers; 

2. Oxygen scavengers; 

3. Carbon dioxide emitters; 

4. Odour absorbers; 

5. Antimicrobial packaging; and 

6. Antioxidant packaging. 

 
 

Table 7 outlines classification of activating packaging technologies and commercial applications 

of each category (Realini and Marcos 2014). 
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Table 7 Classification of activating packaging technologies and commercial applications 
 

Trade or Product Name Supplier Format/Function 

Moisture Absorbers 

Dri-Loc® Sealed Air Corporation Absorbent pad 

MoistCatch Kyodo Printing Co., Ltd. Absorbent pad 

MeatGuard McAirlaid Inc Absorbent pad 

Linpac Packaging Ltd. Absorbent tray 

Fresh-R-Pax® Maxwell Chase 

Technologies 

Absorbent tray 

TenderPac® SEALPAC Dual-compartment system 

Nor®Absorbit Nordenia International 

AG 

Microwavable film 

Oxygen Scavengers 

OxyGuard® Clariant Ltd. Sachet 

OxyCatch® Kyodo Printing 

Company, Ltd. 

Sachet 

FreshPax® Multisorb 

Technolgoies, Inc. 

Sachet 

Oxysorb Pillsbury Co., USA Sachet 

ATCO® Laboratories STANDA Label 

Ageless® Mitsubishi Gas 

Chemical Inc. 

Label 

Cryovac® OS2000 Sealed Air Film 

Enzyme-based Bioka Ltd. Film 

Shelfplus® O2 Albis Plastic GmbH Masterbatch 

OxyRx® Mullinix Packages Inc. Container suitable for high 

temperature 
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OMAC® Mitsubishi Gas 

Chemical Inc. 

Film suitable for high temperature 

Odor Absorbers 

Dri-Fresh® Fresh-Hold™ OA Sirane Ltd Pad 

Cryovac® Sealed Air Film 

Tyvek® DuPont Odor-absorbent packages 

CO2 Emitters 

CO2® Fresh Pads CO2 Technologies CO2 emitter pad 

UltraZap® Xtenda Pak pads Paper Pak Industries CO2emitter and antimicrobial pad 

SUPERFRESH Vartdal Plastindustri AS Box system with CO2 emitter 

Anti-microbial Packaging 

Biomaster® Addmaster Limited Silver-based masterbatch 

AgIon® Life Materials 

Technology 

Limited Silver-based masterbatch 

Irgaguard® BASF Silver-based masterbatch 

Surfacine® Surfacine Development 

Company LLC 

Silver-based masterbatch 

IonPure® Solid Spot LLC Silver-based masterbatch 

d2p® Symphony 

Environmental Ltd 

Silver-based masterbatch 

Bactiblock® NanoBioMatters Silver-based masterbatch 

Biomaster® Linpac Packaging Ltd. Silver-based trays and films 

Food-touch® Microbeguard Corp. Interleavers 

Sanic Films Nanopack Interleavers 

SANICO® Laboratories STANDA Antifungal coating 
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Wasaouro ® Mitsubishi-Kagaku 

Foods Corp. 

Antibacterial and antifungal sheets, 

labels and films 

Nisaplin® and Novasin™ Integrated Ingredients, 

USA 

Antimicrobial compound 

Anti-oxidant Packaging 

ATOX Artibal SA Film coating 

 

 

Moisture absorbers are commonly used in the meat industry to control excess water 

accumulation inside the package. A moisture absorber usually consists of a super absorbent 

polymer located between two layers of a microporous or non-woven polymer, commonly in the 

form of a drip-absorbing pad used in tray-formatted meat products (Realini and Marcos 2014). 

Fig.4 shows an example of a commercial product with this typical sandwich-like structure, 

namely Dri-Loc® Meat, Fish and Poultry Pads. 

 

 

Fig.4 Dri-Loc® Meat, Fish and Poultry Pads 
 

Oxygen scavengers are used to remove, absorb, or neutralise oxygen present in the package, 

which leads to oxidation of food contents and proliferation of aerobic bacterial and moulds. 

Oxygen scavengers are typically used with MAPs and typically utilise oxygen scavenging 

mechanisms such as iron powder oxidation, ascorbic acid oxidation, photosensitive dye 

oxidation, enzymatic oxidation (e.g. glucose oxidase and alcohol oxidase), oxidation of 

unsaturated fatty acids (e.g. oleic or linolenic acid), and oxidation of immobilised yeast on a 

solid substrate (Realini and Marcos 2014). O2 scavengers are commonly incorporated into 

packages as adhesive strips, labels, or sachets. In response to the negative perceptions that 

consumers may have towards the presence of non-edible artefacts in the food package, one 

technology trend in this area involves directly incorporating the scavenging material into the 
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food packaging. For example, Cryovac® OS2000 from Sealed Air Corporation, USA is a 

polymer-based oxygen scavenging multilayer flexible film activated by ionizing radiation that can 

reduce the oxygen levels in the packaging headspace from 0.4% to below 0.1% in about one 

week. Another research trend in the O2 scavenging field is the use of nanomaterials. 
Researchers have developed high barrier oxygen scavenging polyolefin nanocomposite films 

containing an iron-modified kaolinite; these materials show great potential for active food 

packaging applications (Busolo and Lagaron 2012). 

The development of unpleasant odours can result from thermal degradation of food 

components, such as proteins, or of reactions such as the Maillard reaction (Han 2005). For 

meat products, exposure to oxygen will affect lipids and proteins in the meat, resulting in 

chemical changes that adversely affect the colour, odour, and taste of meat products. Oxidised 

meat products have a tendency to smell like cardboard and taste rancid (Brooks 2007). 

Research work is relatively limited for odour absorbing technologies compared to those of other 

active packaging technologies. One reason may be that many research efforts have been 

directed to oxygen scavenging and antioxidant packaging technologies, which both function to 

prevent oxidation from occurring. Commercial examples of odour absorbers include Dri-Fresh® 

Fresh-Hold™ OA odour-absorbing pads from Sirane, Cryovac® Odor Scavenging Materials 

from Sealed Air, and Tyvek® odour-absorbent packages from DuPont. 

Carbon dioxide emitters are often used in MAP systems to regulate the CO2 levels within the 

package in order to reduce microbial growth and thus prolong product shelf life. In a typical 

mechanism of CO2 generation, the drip losses from meat products are absorbed by the emitter 

pad, which then activates the generation of CO2 resulting from the reaction of active 

components in the pad, e.g., the reaction of citric acid and sodium bicarbonate with water. As 

with O2 scavengers, packaging materials incorporating the CO2 emitting function are being 

developed in order to avoid the use of separate emitters inside the package (Kerry and Butler 

2008). 

Among all categories of active packaging technologies, antimicrobial packaging appears to be 

that which has received the most interest and attention in academia. According to the patent 

filing data provided in a BCC report, in the period from 2010 to April, 2015, antimicrobial agents 

and packaging accounted for the highest number of patents issued within the active packaging 

category (BCC Research 2015) However, even with the significant amount of work in this area, 

antimicrobial packaging has achieved only limited commercial success (with the exception of 

silver-based materials). This is believed to be due to existing technical hurdles and the stringent 

regulatory regime. The technical hurdles exist because effective antimicrobial solutions require 

multidisciplinary One such cross-disciplinary approach involves combining antimicrobial films 

with high pressure processing (HPP); this combined strategy has proved to be effective to 

reduce L. monocytogenes levels and to eliminate Salmonella spp. in vacuum packed cooked 

ham (Jofre et al 2008). Unfortunately, the synergistic antimicrobial effects of this technology did 

not appear to work well with foods having low water activity (Marcos et al 2012). Another trend 

in the area of antimicrobial packaging involves the use of natural materials with antimicrobial 

properties, such as natural extracts, essential oils, and biocompatible materials, such as 

cellulose. In one example, scientists have developed an antimicrobial cellulose film containing 

allyl isothiocyanate encapsulated in carbon nanotubes, which was effective in reducing 
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microbial contamination in ready-to-eat (RTE) chicken meat (Dias e al 2013). In another 

example, researchers developed a sodium alginate film containing zinc oxide nanoparticles 

capable of eliminating S. typhimurium and Staphylococcus aureus in RTE poultry meat (Akbar 

2013). 

Antioxidant packaging is an alternative to oxygen scavenging to prevent food oxidation by 

incorporating antioxidant agents into food packaging in different forms, such as sachets, labels, 

coatings, or immobilization on packaging material surfaces. As with antimicrobial packaging, 

recent trends in this area involve the use of natural extracts, such as rosemary, oregano, and 

tea, to replace synthetic additives, as many natural essential oils contain ingredients with both 

antimicrobial and antioxidant properties. Dual antimicrobial and antioxidant functioning films 

have also received much research interest. For example, dual function films based on cocoa 

extract (Calatayud et al 2013) and rosemary and oregano (Camo et al 2008) are being 

developed. 

Modified Atmosphere Packaging (MAP) 
 

Modified Atmosphere Packaging (MAP) is a packaging method based on altering a package’s 

internal atmosphere with gases to improve the shelf life of meat products.  MAP may be used 

for bulk or retail ready products or several trays of retail ready products may be placed in a 

master MAP pack. Individual sealed trays may also contain the modified atmosphere (Scetar et 

al 2010). MAP is one of the most commonly used methods of controlled packaging in the meat 

packaging industry due to its ease and ability to combine multiple technologies. Global MAP 

market revenue is anticipated to be around $6.4 billion after increasing at a CAGR of 2.0% 

during the forecast period of 2013-2020 (BCC Research 2015). 

The gases used in MAP include O2, CO2, N2, and CO. The use of chlorine dioxide has been 

suggested for its oxidizing power and antimicrobial activity, as well as its activity at high pH and 

inactivity with organic matter (Byelashov and Sofos 2009). Typically fresh red meats are stored 

in MAP with 80% O2:20% CO2 while cooked meats are stored in MAP with 70% N2:30%CO2 

(Scetar et al 2010). Past research on MAP has focused primarily on the use of different gas 

combinations and concentrations. Many MAP formulas for different types of meat products can 

be found in reviewed articles (Scetar et al 2010; Arvanitoyannis and Stratakos 2012). 

Vacuum skin packaging (VSP), a subset of vacuum packaging technology, is a major mode of 

packaging used in shipping of meat products. While so-called “shrink bags” are widely used for 

exports, colour is a major hurdle for vacuum packaging of meat products because low partial 

oxygen pressure values cause the development of brown colour due to the conversion of 

myoglobin to metmyoglobin. This may potentially be addressable via technology capable of 

inducing formation of a red colour. For example, Bemis Company Inc. has devolved 

FreshCase® packaging, a special packaging solution that allows red colour formation in 

vacuum-packed meat. This packaging system consists of a multilayer film containing sodium 

nitrite, which is converted to nitric oxide gas upon contact with meat. The nitric oxide gas 

combines with myoglobin in the meat to give the typical red colour of fresh beef (Freshcase 

active vacuum packaging n.d.). 
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Anti-Counterfeiting 
 

Counterfeiting has become a major concern for all businesses globally. It not only damages 

brand value and sales revenue for the brand owners and manufacturers, but also poses 

significant health risks to consumers, especially in the food and beverage and pharmaceutical 

industries. While Australian red meat producers and exporters are grateful for the new business 

opportunities presented by emerging nations, many are worried about the enormous 

counterfeiting activities in these countries and regions as well. Counterfeiting problems call for 

global solutions in law and enforcement, secure business practices, and consumer awareness 

and education; however, for the purpose of this report, only packaging technologies and 

innovations related to anti-counterfeiting have been reviewed and discussed herein. 

 
Anti-counterfeiting packaging technologies can be classified into two categories: authentication, 

and track and tracing. Authentication is the act of establishing or conforming something as 

genuine; authentication packaging therefore relates to brand protection, theft-deterrent, anti- 

counterfeiting, and anti-tampering. In contrast, track and tracing technologies provide solutions 

for manufacturers to track and trace individual products throughout the supply chain, from 

production to the end consumer, and hence reduce counterfeiting risks by ensuring that 

products can be easily located and identified. In practice, authentication and track and trace 

technologies are used together in industries to fight against counterfeiting. For the purpose of 

this report, track and trace packaging technologies will be discussed in next section. 

 
Traceability. 

 
Existing authentication packaging technologies can be classified into five categories: inks, 

materials, holograms, watermarks and taggants. Table 8 outlines existing authentication 

packaging technologies that are relevant to the meat industry and offers a brief description, 

protection level, and ability to indicate product tampering (BCC Research 2015(2); Hayes 2015). 

 
Generally, there are three types of protection, namely overt, covert, and forensic protection, as 

follows (Hayes 2015). 

• Overt – Visible features which are directed toward end-users and enable the packaging to be 

validated quickly and easily. 

• Covert – Features which are generally invisible to the naked eye but can be revealed with 

certain tools or calibrated readers; such features are usually difficult to copy. 

• Forensic – Means of protection wherein a sample is obtained and taken to a laboratory for a 

full analysis. 
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Table 8 Existing authentication packaging technologies 
 

Type of 

Authentication 

Packaging 

Description Protection Level Tamper 

evidence? 

Inks 

Colour-shifting Ink Colour shift when viewed at 

different angles 

Overt No 

Holographic Ink Inks containing coloured metal 

particles to produce holograms or 

images with colourful decorative 

features; when copied, the ink 

reproduces as black 

Overt Yes 

Thermochromic Inks that change colour with 

exposure to different 

temperatures 

Overt No 

Photo-chromic ink Inks that change colour with 

exposure to UV light/sunlight 

Cover/Overt No 

UV fluorescent ink Either visible or invisible under 

normal conditions; print stands 

out under UV or IR light 

Over/Covert No 

Electro-optic ink Particles in ink which are verified 

by bespoke readers 

Covert Yes 

Authentication 

material 

Fragile labels Label disintegrates if attempts are 

made to remove it 

Overt Yes 

Chemically 

reactive paper 

Paper darkens if solvent or bleach 

is used to lift label or remove ink 

Covert No 

Magnetic coated 

fibres 

Effectively invisible wires which 

can be embedded into adhesive, 

papers or labels and only visible 

with a reader 

Covert No 
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Fluorescent fibres Fibres embedded in papers, which 

fluoresce under UV light/sunlight 

Covert/Overt No 

Colour shift 

pigment in 

polymers 

Pigments give a colour shift Overt No 

Holograms 3D image presented on 2D 

surfaces; can provide multiple 

layers for authentication - overt 

for identification for consumers 

Overt/Covert/Forensic Yes 

Watermarks 

Physical paper 

watermark 

Embossed image appears different 

when viewed against light 

Overt/Covert Yes 

Digital watermark Embedded codes within various 

types of media content that can 

be detected and read by specially 

designed readers 

Covert Yes 

Taggants 

Taggants (UV or 

IR) 

Chemicals having a discrete UV or 

IR trace in an analyzer 

Covert/Forensic Yes 

Taggants using 

colour particles 

Micro-particles of different 

colours give a fingerprint pattern 

Covert/Forensic Yes 

 

 
Many existing authentication technologies, and especially overt authentication technologies, all 

suffer the problem of being easily duplicated. Nanotechnology research and development has 

the potential to enable next-generation authentication solutions due to the intrinsic and complex 

nature of nanoscale materials. For example, NanoVox, a Voxtel Inc. company, has developed a 

nanocrystal-based security tag, which can replace the organic dyes and metal complexes most 

often used in security inks and spectrally encoded holograms. The use of nanocrystal quantum 

dots in the nanotags creates complex and unique spectral “fingerprints”, and such nanoscopic 

materials are uniquely encoded and virtually impossible to duplicate (Williams 2012). 

Another trend in authentication packaging involves the use of smartphones for authentication. 

Traditionally, overt authentication features are directed to consumers but are relatively easy to 

duplicate, whereas covert and forensic features are mainly beneficial to manufacturers and 

brand owners, with the help of specialised instruments, and are more difficult to copy as 

compared to overt features. However, covert, and even forensic, level authentication 
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technologies are increasingly accessible to consumers via smartphone apps and related 

technologies, and the use of such technologies is expected to increase along with the rapid 

increase in smartphone ownership. For example, AlpVision SA has developed a digital invisible 

marking Cryptoglyph® that can be applied to cartons, leaflets, labels, closures, blister packs, 

and metal using regular visible ink or varnish and standard printing processes. The verification 

can be accomplished simply in less than three seconds with a regular smartphone, using 

AlpVision’s custom product authentication application (Cryptoglyph 2016). In addition to the 

smartphone usage, the increase in mobile internet access offers further solutions for 

consumers. As another example, Spectra Systems’ TruBrand™ allows consumers to 

authenticate holograms in a single swipe by authentication of taggants located in the hologram 

via a cloud-based server (Product authentication and tracking 2016). 

Even though the global market size of anti-counterfeiting packaging has been expected to reach 

$131.1 billion by 2019, growing at a CAGR of 15.21% from $66.1 billion in 2015, the share of 

the authentication segment is predicted to reduce from 51.96% in 2015 to 48.66% by 2019. In 

the meantime, the market share of the traceability segment is predicted to increase from 

48.04% in 2015 to 51.34% by 2019 (Technavio 2016). The vast majority of key players in the 

industry have indicated that the ability to enhance the security features and functionality of their 

technologies remains a top challenge (BCC Research 2015(2)). The advantages of anti- 

counterfeiting packaging are well-known to end-users, but the exorbitant cost poses a major 

concern (Technavio 2016). Market research suggested that providing secure on-demand 

Internet-based and smartphone-capable platforms represents an attractive direction for existing 

and prospective customers (BCC Research 2015(2)). 

Traceability 
 

Authentication packaging technologies enable consumers to authenticate the products they 

purchase. Track and trace packaging technologies help manufacturers and brand owners to 

identify and trace the products as they move through supply chain. A complete traceability 

system not only includes tracing of the end product, but also includes tracing of raw materials, 

processing steps, and packaging. For the purpose of this report, only the packaging 

technologies relevant to the tracing of end products are reviewed and discussed. 

Barcodes 
 

There are two main track and trace packaging technologies, namely barcodes and radio- 

frequency identification (RFID) systems. A barcode consists of a series of parallel, adjacent 

bars and spaces. Predefined bar and space patterns or "symbologies" are used to encode 

small strings of character data into a printed symbol. The encoded information is read by an 

optical barcode scanner which sends the information to a system where it is stored and 

processed. The first generation, i.e., linear or one-dimensional (1D) barcode technology was 

first developed in 1948 and was commercially available in the 1970s (BCC Research 2015). 

There are various types of 1D barcodes which have been developed to meet the needs of 

specific industries and subsequently standardised for use in different areas, such as UPC 

(Universal Product Code), EAN (International Article Number), Code 39, Code 128, and the 

Interleaved 2 of 5 (Garcia-Betances and Huerta 2012). The information stored on a 1D barcode 
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is alphanumeric (letters and numbers) and can include information such as product numbers or 

an address. 1D barcodes are ubiquitous and almost every packaged good has a barcode. 

Only a limited amount of information can be stored in 1D barcode. In the early 1990s, a 2D 

barcode with much higher data storage capacity was invented by combining dots and spaces 

arranged in an array or a matrix, instead of bars and spaces, enabling 2D barcodes to store 

many more characters than 1D barcodes, within a smaller footprint. 2D barcodes, especially 

Quick Response (QR) codes, can hold as much as 7,000 digits or 4,000 characters of text. Fig. 

4-5 shows the historic evolution from 1D to 2D barcodes, and Fig. 4-6 shows several common 

types of 2D barcodes. Not only can manufacturers use 2D barcodes to provide information, 

such as price, quantity, web address, or images of the products, to the consumer, 2D barcodes 

are applicable to many other areas. For example, healthcare facilities use 2D barcodes to 

monitor medications, and even to integrate data with programs like MS Office, MS SQL Servers, 

and other databases and files (Trujillo 2015). Reading 2D barcodes requires a scanning device 

capable of simultaneous reading in two-dimensions, vertically and horizontally. Unlike 1D 

barcode scanners, 2D barcode scanners use an image sensor to capture the image of the 

barcode. 

 
 

 
Fig.5 Historic evolution of 1D to 2D barcodes (Garcia-Betances and Huerta 2012) 
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Fig. 6 Different types of 2D barcodes (Shihab n.d.) 
 

Barcodes provide a convenient and inexpensive tool to track and trace products throughout the 

supply chain and consumers can also use information stored in a QR code to authenticate the 

products they purchase with the help of a smartphone. However, regular QR codes provide no 

protection against visually identical copies (ScanTrust n.d.). In addition, because QR codes are 

open-sourced, so that they can be created by anyone, counterfeiters can copy a brand’s code 

and the product’s webpage fairly easily (Borison 2013). Scantrust has developed a patent- 

pending copy-proof QR code. Fig.7 illustrates the differences between a regular QR code and a 

secured Scantrust code (ScanTrust n.d.). Another example of anti-counterfeiting and secured 

barcode technology is 3D barcodes. Sofmat, together with scientists from Bradford University, 

have developed a tiny 3D barcode, with grooves so small that they are barely visible to the 

naked eye. Fig. 8 shows a printed 3D barcode module. This technology was originally invented 

to apply to drugs but it may have potential for the food packaging industry as well (Webb 2015). 
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Fig.7 Differences between a regular QR code and a Scantrust code. 
 

 

Fig. 8 3D barcode module. 
 

RFID 
 

Radio-frequency identification (RFID) tags use RF electromagnetic fields to store and 

communicate real-time product information for automatic product identification and traceability. 

A typical RFID tag consists of an integrated circuit attached to an antenna for the transmission 

of information stored in the chip to a reader (Realini and Marcos 2014). RFID tags differ in size 

but are generally small so they can be attached to or incorporated within product packaging. 

RFID technologies include two types of tags: active and passive tags. The main difference 

between the two is that active tags use a battery, whereas passive tags do not. Active tags 

have much larger data storage capacity and typically are used in larger objects which require 

tracking over long distances, such as container and rail cars. Passive RFID tags do not have a 

power source, so they depend on a transceiver for activation. Passive tags can be applied in 
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many forms, such as implantation, embedded under skin, mounted on substrates, between 

layers, and embedded in packages. RFID technologies can also be classified into three groups 

based on the RF frequency: low-frequency RFID tags, high-frequency RFID tags, and ultra- 

high-frequency RFID tags (BCC Research 2015(2)). 

Although RFID technology has been well known and used for many years, market penetration of 

RFID tags in the food packaging industry has lagged behind that of barcodes, likely due to some 

inherent advantages of barcodes over RFID technologies (Ghaani et al 2016). Table 9 lists 

some important differences between two technologies and advantages of each. 

Table 9 Comparison of barcodes and RFID technologies 
 

Features Barcodes RFID 

Read/Write Cannot be updated/over-written Can be updated/over-written 

Read range Several inches up to several feet; Passive UHF RFID: Up to 20 feet 

(handheld readers)/40 feet (fixed 

reader) 
 

Active RFID: Up to 100 feet or more; 

Line-of sight 

requirement 

Yes No 

Data storage Low-level of security High level of security 

Type of tracking Require manual tracking and therefore 

are susceptible to human error 

Can be automatically tracked, therefore 

removing human error 

Integrateability Not integrateable Integrateable with other smart 

components, such as sensors 

Price Ultra-low High 

Application 

environment 

Sensitive to environment, dirt, 

scratches, and temperature 

Customised to resist environmental 

stress and severe processes 

Main advantages Small, light label with minimal overall 

cost but offering accurate data; 

ubiquitous with universal standards 

and mature infrastructures 

More intelligent, efficient and secure 

and can be used for many applications 

 

Originally, RFID tags were only used to track food products in the supply chain during 

distribution and storage. Technology development in recent years has enabled RFID systems 

to become more intelligent by connecting one or more sensors to RFID tags so that, in addition 
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to tracing and tracking the movement of the products, the RFID tags can also provide 

information about the integrity of the package, the quality status of the food, and the 

environmental conditions during transport or storage.  Current research on sensor-enabled 

RFID tags is focused on the detection and measurement of one or more of the following 

properties: temperature, relative humidity, pH, pressure, light exposure, and concentration of 

volatile compounds and gas molecules (Vanderroost 2014). For example, researchers have 

developed a handheld, portable RFID system to track the storage and transportation 

temperatures of perishable products. This system is not only used to detect refrigeration 

equipment failure along the supply chain, but also to predict remaining product shelf-life (Uysal 

et al 2011 Sensor-enabled RFID tags that are mountable (i.e., not an integral part of the 

packaging material), non-integrated (i.e., sensors not integrated in the circuit design of the RFID 

tags), and non-flexible are already commercially available. Fig. 9 illustrates several 

commercially available examples of non-integrated and non-flexible sensor-enabled RFID tags. 

 
 

 

Fig.9 (a) Easy2log© semi-passive UHF temperature RFID tag; (b) TempTRIP® UHF 

temperature RFID tag; (c) Intelleflex TMT-8500, semi-passive UHF temperature RFID tag; (d) 

SecureRF Lime Tag™ semi-passive UHF temperature RFID tag 

These non-integrated and non-flexible sensor-enabled RFID tags can be mounted on product 

packaging or put into boxes, pallets, or even product containers to secure supply chains, 

monitor products, and manage the cold chain. One challenge remaining in the field of sensor- 

enabled RFID tags is how to integrate one or more sensors in the design of RFID tags and, 
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ultimately, how to integrate the sensor-enabled RFID tags in the packaging materials. New 

technologies are emerging with the development of printed electronics. For example, scientists 

have recently designed a single-chip UHF RFID tag with multiple sensor capabilities that can be 

screen-printed directly on a cardboard package. In addition to temperature sensing, the RFID 

tag developed in this work can detect whether the package has been opened and the weight 

change of the package within the range of 1 to 5 kg (Fernandez-Salmeron et al 2015). RR 

Donnelley recently announced CustomWave, an RFID solution that offers complete smart label 

solutions beginning with in-house RFID antenna design and performance testing and including 

printed inlay manufacturing, custom label and tag creation, fully automated quality control, and 

global distribution and fulfilment services. CustomWave RFID solutions feature the ability to 

print antennas on a variety of materials, including directly onto a label, which not only drives the 

product cost down but also provides a more environmentally friendly RFID solution (RR 

Donnelley 2016). VTT, a Finnish research and technology company, has developed an ethanol 

sensor that can be printed on a label and detect ethanol in the headspace of a food package. 

The sensor layer is part of an RFID tag and the sensor data can be read wirelessly using an 

RFID-reader on a smartphone (VTT 2015). 

Silicon chips represent the largest cost for RFID tags. Printable chipless RFID tags have shown 

great potential in driving production costs down and also offering more diverse applications. 

Some analysts predict that in ten years, chipless RFID tags will be printed directly on products 

and packaging for only 0.1 cent each, replacing the ten trillion barcodes used annually with 

something far more versatile and reliable (Harrop and Das 2010). Researchers from Monash 

University have developed fully printable chipless RFID tags on paper and plastics, but such 

tags may require specially designed readers which contain all necessary signal processing and 

intelligence capabilities (Supply Chain Digest 2015). 

Near field communication (NFC) operates at the 13.56 MHz and is therefore a subcategory of 

high-frequency (HF) RFID technology, since it also uses radio frequency to communicate. NFC 

takes advantage of the short-read range limitations of radio frequency and allows for short- 

range peer-to-peer communication, in contrast to the one-way communication of RFID tags. 

Smartphones enabled with NFC can pass information back and forth to another NFC device and 

hence provide consumers with a means other than barcodes to retrieve information from NFC 

chips embedded in product packages. In fact, market research has shown that NFC is more 

effective in engaging users and customers than QR codes. For example, Kraft has found from 

its mobile commerce campaigns that shoppers were not only more engaged by NFC tags than 

QR codes, but they also spent more time with the information communicated by NFC than QR 

codes (BeQRious 2016). As with RFID technology, scientists have also developed methods to 

incorporate smart components into NFC tags.  For example, scientists from MIT have 

developed NFC tag-based chemiresistors which are able to detect ammonia, hydrogen 

peroxide, and cyclohexanone, among other gases (Trafton 2014). In February 2016, Thin Film 

Electronics ASA announced its collaboration with Constantia Flexibles to develop NFC 

OpenSense tags, which are thin, flexible labels that can detect both a product’s “factory sealed” 

and “opened” states and wirelessly communicate contextual content to consumers with the tap 

of an NFC-enabled smartphone (Thinfilm 2016). Even though the current price of NFC chips 

may not be as competitive as that of QR codes, it has been predicted that NFC chips will see a 
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price reduction to $0.01 in the near future (Wasserman 2016) and will become an important 

connecting piece of Internet of Things (IoT). 

Provenance 
 

Food packaging not only physically protects the packed contents and extends products shelf 

life, it also visually communicates information to consumers both at the point of sale and during 

subsequent use and disposal. Consumers rely on labels to obtain information about the food, 

e.g., the method of storage, usage, nutritional information, and safety issues, whereas they 

recognise the brand through other elements of the packaging, for example, the shape, the 

colour, and the graphic design of the package. As one of the goals of this project, Australian 

meat producers hope to identify packaging solutions which provide clear and effective 

communication to consumers about a product’s provenance, to tell the story and history of the 

brand, and to boost the value of “brand Australia” as a premium meat product provider. 

 
For many global consumers, “brand Australia” means a guarantee of high quality, clean, green, 

and disease-free meat products. However, while brand awareness would appear to be present, 

the impact of this brand awareness on consumer purchasing decisions is not yet known, at least 

in key market segments, in comparison with other purchasing decision parameters, such as 

cost. It will be important to learn how the origin of a product motivates or affects the consumer 

purchasing decision making process. However, the implication of having a brand awareness of 

a high quality meat product is that such branding may drive consumption within specific key 

market groups.  Should such implications be confirmed through analysis of market insights, it 

will likely be important to leverage such associations to build a story around the place of origin 

and then to communicate to the consumers such associations in a memorable manner. 

 
For the purposes of this report, a few packaging technologies have been highlighted which 

incorporate smart components to transfer traditional text- and graphics-based packaging 

communication to a new multi-sensory experience, thereby strengthening the emotional brand 

connection with consumers. 

 
High penetration of smartphone ownership worldwide enables the use of QR codes as a 

powerful and easily-implementable communication tool for food packaging. Fig. 10 shows a QR 

code on the wrapper of the energy bar Zego®; when this code (termed the “Z-Code”) is 

scanned, the consumer is led to a specific webpage showing test results of any measurable 

amounts of specific allergens for the batch to which this bar product belongs. Whereas other 

manufactures generally simply place a warning of potential cross contact with allergens, Zego’s 

QR code allows the consumer to learn the exact quantity of a potential allergen which might be 

in a specific batch, accomplished with a simple scan using smartphones (Colleen 2015 The Z- 

Code is located on the product wrapper within the sunflower and is fully integrated within the 

packaging, thereby creating conversational packaging and marketing material because it brings 

an association to the product’s key ingredient, namely sunflower seeds, and hence reinforcing 

the brand image as a natural and healthy organic snack food provider. 
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Fig.10 Zego®’s Z-code on the food packaging 
 

Lenticular imaging is a series of images that are interlaced together such that when viewed 

through an extruded lens presents the viewer with animation, depth, or other effects. 

Development of high resolution lenticular printing technology allows brand owners to use 

lenticular labels for a more sophisticated communication with consumers. For example, Lo 

Tengo® is a Malbec wine from Argentina that uses a photograph of legs of two dancers dancing 

on a paved street in Argentina on a lenticular label on its wine bottle, as shown in Fig. 11. 

When consumers view the label from different angles or walk past the bottle, they see the knees 

and toes of the two dancers flipping back and forth, which suggests something of the passion of 

old-time Argentina.  The website of Lo Tengo® claims: “The world’s first lenticular label 

achieved more PR inches than any other wine.” (Stranger and Stranger n.d.) 
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Fig.11 Lo Tengo’s lenticular label, reinforcing the product’s provenance. 
 

Häagen-Dazs® has developed an augmented reality smartphone app that allows consumers to 

watch a two-minute video while waiting for their ice cream to reach the ideal temperature for 

consumption, as shown in Fig.12. The Häagen-Dazs Concerto Timer app uses 3D Kinect 

technology to provide consumers with an augmented reality experience, while also playing 

music. This innovation is functional in two ways. First, it provides great entertainment for 

impatient consumers who want to consume their ice cream immediately out of the freezer, 

without proper tempering, and hence not realizing the full flavours of the product. In the 

meantime, the choice of the music, Bach’s Inventions No. 14, is a perfect match for the brand 

image of the ice-cream, which is best known for classic flavours (Borison 2013). 
 

Fig.12 Häagen-Dazs® ‘s augmented reality smartphone app showing a virtual violin 

performance. 
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IP Landscape Analysis 

An IP landscape analysis for the Smart Packaging Open Innovation for RnD4profit 

(insights2innovation) project was independently conducted by Thomson Reuters (MLA project 

V.RDP.1003). This analysis was reviewed and served as a resource for this report, in particular 

in section 8 below. 

Emerging Technology Trends 

After reviewing and discussing the existing packaging technologies and solutions, the following 

technology trends were identified. Innovation opportunities that can benefit Australian meat 

producers and exporters may be found in these areas. 

Incorporated Multi-Functional Smart Packaging Materials 
 

Previous consumer studies have shown that consumers prefer active compounds to be 

incorporated into packaging materials, rather than in the form of sachets (Mehmet et al 2015). 

For example, consumers showed negative perceptions towards oxygen scavengers in the form 

of sachets inside food packaging due to the presence of non-edible artefacts together with the 

food and hence the risk of accidental rupture of the sachets and ingestion of their contents 

(Realini and Marcos 2014). Moreover, studies have shown that incorporation of oxygen 

scavenging compounds into packaging materials are versatile for food packaging applications 

due to production efficiency and convenience (Busolo and Lagaron 2012 As a result, both in 

academia and in industry, there has been a trend to incorporate smart components (active 

agents or intelligent components) into the packaging materials. Should MLA determine that 

they want to position meat products as premium products in appropriate market segments, 

smart packaging components may augment and enhance the premium brand experience to the 

consumers. Examples include: dual antimicrobial and antioxidant active films, 

UltraZapXtendaPak (Paper Pak Industries) active absorbent pad that incorporates CO2 emitters 

on an antimicrobial substrate (Paper Pak Industries 2016), microwavable moisture-absorbing 

Nor®Absorbit (Nordenia International AG) (Mondi 2011) and three-phase Activ-Polymer® (CSP 

Technologies™) with a variety of properties, including absorbing or emitting specific molecules, 

to meet a range of product stability needs (CSP Technologies 2016). 

Nano-Enabled Smart Packaging Technologies 
 

The unique properties of nanoscale and nanostructured materials have led to many novel 

applications of nanotechnology in the food packaging industry. Previous examples discussed in 

this report include: antimicrobial nanoparticles, oxygen scavenging nanocomposite films, 

nanosensors, and nanocrystal-based security tags, such as NanoVox. Recent technology 

breakthroughs of printable carbon nanotubes on polyethylene terephthalate (PET) and paper via 

inkjet printing have also opened up opportunities for printable nanosensors (Ammu et al 2012). 

However, due to the lack of information, particularly with respect to the migration of 

nanoparticles from the packaging materials into food, there still remain challenges in public 

acceptance and regulation. Despite the regulatory challenges and unclear consumer 
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acceptance, increased research and development activities in the area of bionanocomposite 

materials have been observed. Bio-based materials are presumed to be more eco-friendly and 

biodegradable and hence may be more readily accepted by consumers. Some of the bio- 

polymers that are being researched in this field include starch, polycaprolactone, derivatives of 

cellulose and polylactic acid (Technavio 2014(2)). 

Biosensors 
 

Biosensors can directly detect target metabolites during food spoilage and therefore can monitor 

food freshness in a more specific and tailored way than freshness indicators. According to 

recent market research, the total biosensors market was valued at $11.39 billion and is 

expected to reach $22.68 billion by 2020, at an estimated CAGR of 10.00% (Rohan n.d.). 

However, most of the market is driven by medical diagnostics and, in particular, glucose 

sensors of people with diabetes (Vanderroost 2014). The topic of biosensors has attracted 

enormous academic interest and tens of thousands of papers have been published in this area. 

Despite the vast number of papers published, very few biosensor technologies have actually 

succeeded to become commercially available, particularly in food applications. In the 

development of commercially viable biosensors for food packaging industry, the following 

technical challenges remain and need to be addressed (Vanderroost 2014): 

• Immobilization of biological components in the receptor; 
 

• Preventing the denaturation or degradation of the biological components due to 

environmental conditions; 

• Identifying rapid, scalable, and cost-effective production processes for biological 

components; and 

• Ignoring the input generated by analytes other than the analyte of interest or actively 

suppressing all interactions other than those with the targeted analytes. 

Printable Chip-less RFID 
 

The Internet of Things (IoT) with the goal of interconnecting a large number of "things" is just 

beyond the horizon. The US National Intelligence Council predicted that by 2025 not only would 

mobile phones, tablets, laptops and personal computers be part of the IoT, but also less obvious 

things such as appliances, food packages, furniture, cars, bikes, etc. (Vanderroost 2014). The 

use of RFID tags on everyday objects is the plausible approach but the high unit price for 

conventional RFID tags poses large economic constraints. Accordingly, printable chipless RFID 

technology provides great potential in replacing barcodes and hence realizing the IoT in the 

near future. By eliminating the use of silicon IC chips, chipless RFID tags can offer more 

competitive pricing than normal silicon IC-based tags. Chipless tags also possess a longer 

communication range since they do not necessitate the use of transistors, unlike silicon-based 

tags which require a threshold voltage to power up the IC circuit (Botao 2010). Moreover, the 

printing techniques developed over the years provide a solution for the realization of RFID tags 

with ultra-low cost for large scale. 
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Traceable Authentication Packaging Technologies 
 

Most existing authentication packaging technologies cannot be traced. Identifying counterfeited 

products by consumers is not good enough for winning the anti-counterfeiting war. Industries 

need to be able to authenticate and trace products throughout the entire supply chain. One 

traceable authentication packaging technology example is Tesa-Scribos' tesa Holospot®, which 

takes authentication packaging technology one step further by permitting simultaneous 

traceability and authentication, thereby enabling products to be uniquely authenticated at the 

unit-of-use level (BCC Research 2015(2)). Another potential traceable authentication solution is 

RFID authentication. One example is Verayo, developed by a MIT spinout start-up company, 

offering “fingerprint” silicon chips used in consumer product RFID tags that can be scanned via 

mobile device and authenticated (Matheson 2015). An example of an existing business solution 

is the Dotless Visual Codes developed by the Israeli start-up Visualead; this product was 

designed to help the Chinese e-commerce giant Alibaba battle counterfeited goods. By 

scanning the Dotless Visual Codes with Alibaba’s Mobile Taobao app, consumers can check 

with the manufacturer or distributor whether the product they received is genuine. If it isn’t, 

Alibaba can take action against the seller, pursuing legal options or at least removing the 

offender from its network (Shamah 2015). 

Secure QR Codes 
 

QR codes are currently ubiquitous. As discussed in previous sections, QR codes may play 

important roles in authentication and in providing provenance information about products. 

However, since QR codes (which are widely underused by consumers despite their ubiquity) are 

open-sourced, counterfeiters can copy a brand’s code and landing product webpage easily. QR 

codes that can provide anti-counterfeiting features, such as ScanTrust’s copy-proof QR codes, 

are more powerful tools to help brand owners, manufacturers and consumers win the anti- 

counterfeiting war. 

Mobile-Engaged Smart Packaging Technologies 
 

By 2020, it has been predicted that there will be 6.1 billion smartphone users globally (about 

70% of the world’s population) (Lunden 2015). Mobile network usage has overtaken fixed 

internet access in 2014, and this usage is continuously climbing worldwide, especially in 

emerging economies (Chaffrey 2016). Such high penetration of smartphone ownership and 

mobile network access have fundamentally changed people’s way of obtaining information, 

communicating with each other and ultimately living their day-to-day lives. Development of 

digital technologies also poses new challenges to brand owners and product producers in 

winning the current generation of mobile-enabled consumers. Mintel’s 2015 US Beverage 

Packaging report indicated that mobile-enabled packaging is a key way brands are connecting 

with consumers (Mintel n.d.). The smartphone applications listed in previous sections, such as 

smartphone authentication applications and smartphone-aided consumer communication are 

good examples on how packaging can be revolutionised by mobile-engagement in the modern 

market. 
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Emerging Market Trends 

Advanced Packaging Market Data, Market Growth Drivers and Market 

Challenges 

According to a BCC report, global advanced packaging market revenues were about $42.5 

billion in 2014, and they are estimated to grow at a five-year compound annual growth rate 

(CAGR) of 2.2% through 2020 to about 48.3 billion2. Globally, controlled packaging accounted 

for the highest revenue within the advanced packaging market followed by active packaging. 

Fig. 1 shows the global revenue for advanced packaging by type, through 2020 (BCC Research 

2015). 

 
 

 
Fig. 1 Global revenue for advanced packaging by type, through 2020 (BCC Research 2015). 

 
 

2 Depending on the definition of advanced packaging, the market size numbers are quite different among 
market reports. For example, Technavio’s Global Advanced Packaging Market 2015-2019 stated that the 
global advanced packaging market was valued at $21.39 billion in 2014 and is likely to reach $31.35 
billion by 2019, growing at a CAGR of 7.95%. 
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Detailed sector-by-sector analysis shows that market revenue for each category within 

advanced packaging all increased from 2013 to 2014. All sectors are expected to continuously 

increase through 2020. 

 
Global sales of authentication packaging technologies to the drug and food industries amounted 

to $42.5 billion in 2014. Sales of packaging holograms accounted for the largest share, at 49%. 

End use of authentication packaging technologies in the food industry represented 67.2% of 

global sales in 2014. Global sales of authentication packaging technologies to the drug and food 

industries are projected to reach nearly $96.4 billion in 2020, with a CAGR of 17.7% from 2015 

to 2020. Global sales of track and trace packaging technologies to the drug and food industries 

amounted to nearly $31.5 billion in 2014, with North America representing 77.3% of the market 

share. The ubiquitous packaging bar codes accounted for the bulk of the sales, representing 

97.7%. End use of track and trace packaging technologies in the food industry accounted for 

69.4% of global sales in 2014. Global sales of track and trace packaging technologies to the 

drug and food industries are projected to grow at a CAGR of 4.5% from 2015 to 2020, reaching 

nearly $39.3 billion in 2020 (Marcos et al 2012). 

 

 
Fig. 2 Global revenue for anti-counterfeiting packaging technologies by type, through 2020 

(Marcos et al 2012). 

The following market drivers have been identified: 
 

• Demand for hygienic packaging in the food and beverage industry; 
 

• Rise in disposable incomes; 
 

• Development of innovative packaging solutions; 
 

• Consumer engagement; 
 

• Protection against product adulteration and contamination; 
 

• Increased demand for sustainable packaging materials; 
 

• Prevention of counterfeiting products; 
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• Rising need for traceability systems; and 
 

• Demand from emerging nations and increase in e-commerce. 
 

The following market challenges still remain: 
 

• High investment for development of advanced packaging; 
 

• Stringent regulations; 
 

• Increased testing costs; 
 

• Lack of information integration and inefficiency of devices used for anti-counterfeiting; 
 

• Lack of cold chain service producers that can provide a one-stop solution, especially in 

emerging nations; and 

• Highly fragmented control of manufacturers over the supply chain. 
 

Chinese Market 
 

China is a unique market for foreign exporters, having both huge potential and great challenges 

at the same time. In recent years, due to the rapid economic growth over the last three 

decades, China has seen significant changes in eating habits, shopping behaviours, and 

lifestyle habits. In 2015, China overtook Japan to become the second largest beef importer 

after the US. China imported 663,000 tons of beef and veal in total in 2015, which is nearly 8 

times the amount imported only three years prior (86,000 tons in 2012). This overall increase is 

also reflected in increased interests and demands for Australian food products in the Chinese 

market, especially in the emerging second tier markets and wealthy coastal cities. 

One of the major concerns of Australian meat producers is substitution and counterfeiting. In 

addition to the counterfeiting problem, it is also important for foreign exporters, including 

Australian food producers, to understand the cultural differences and consumer preferences, 

perceptions, and behaviours towards imported products. For the purposes of this report, some 

cultural insights are discussed below to raise awareness of Australian meat industry players of 

the impacts of food packaging on Chinese consumers. 

 
Sustainable and Green Food Packaging Materials 

 

A consumer study by Mintel has shown that 86% of middle class Chinese consumers note that it 

is their responsibility to use more products that can help to protect the environment, with 

consideration of factors such as biodegradability or recyclability. However, it should be noted 

that the general consensus is that such a broad claim is likely still too early for the market and 

requires further validation. Regardless, the notion of consumer awareness and responsibility is 

gaining momentum, especially in the premium segment. For example, 41% of Chinese bottled 

water drinkers believe that environmentally friendly products tend to be associated with 

premium bottled water. These studies indicate that environmentally friendly claims are in fact 



P.PSH.0765 Xinova Smart Packaging open innovation RnD4profit (insights2innovation) 

72 Commercial-in-Confidence 

 

 

important for premium brand image and to reach out to affluent middle class Chinese 

consumers. 

Consumer Communication 
 

Mintel’s consumer studies show that 84% of Chinese consumers agree that they want to see 

more information about products on the packages. For example, consumers from Chengdu, 

Changzhou, Foshan and Kunming are more likely to be attracted by innovative packaging when 

compared to consumers from other cities. Also, high spending Chinese consumers are more 

engaged with brand interaction and are more proactively following brand information. These 

data indicate that affluent middle class Chinese consumers will appreciate packaging that 

interactively communicates with consumers on product information and brand value. 

Mobile-Engaged Packaging 
 

Many foreign companies have begun to use mobile engagement to fight counterfeiting in China. 

For example, the Chinese arm of Unilever has signed a deal with Alibaba that will see Unilever 

brands carry a new QR code-based technology (via dotless visual codes) that the company 

recently adopted to help fight counterfeits. Consumers, by using a smartphone app, can easily 

tell whether they have purchased counterfeits and, in the meantime, experience a rather special 

brand interaction. This new QR code was discussed in the previous technology trend section. 

Greatview Aseptic Packaging has developed an individually traceable milk carton with unique 

QR codes printed on the packages. The company has teamed up with WeChat and Chinese 

retailer RT-Mart to apply the technology for Mengniu Selected Meadow Traceable+ milk. 

Consumers are able to trace item-level product information by scanning the Selected Meadow 

products. By doing so, consumers can also get product discounts. Scanning the QR code also 

allows the consumer to view real time video of the pasture and factory. 
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Fig. 3 Mengniu’s Selected Meadow Traceable+ Milk, showing QR Code. 
 

List of Key Stakeholders and Potential Commercial Partners 

The objective of this section is to identify companies, universities and organizations that are 

actively involved in research and development of smart packaging technologies and products 

for the following purposes: 

1) Identify industry and academia experts who can be candidates for the Problem Definition 

Workshop and later “All-Star” Inventor Workshop; 

2) Identify potential partners that can undertake proof of concept development projects for 

selected inventions sourced by Invention Development Fund; and 

3) Identify potential partners that can help the MLA formulate technical development and 

commercialization strategies in Asian markets, particularly the Chinese market, for developed 

technologies based on selected inventions sourced by Invention Development Fund. 

All the original data used in this section are from the IP landscape analysis by Thomson Reuters 

(TR) under MLA’s project V.RDP.1003. 

According to TR’s IP landscape analysis, there are 11 entities that hold large patent portfolios 

(ie having 101 or more granted or pending patent applications) in relation to “smart packaging” 

technologies and hold 22% of the patent landscape. Among these 11 entities, Toppan Printing 

(Japan) and Mitsubishi (Japan) have the highest numbers of patents. Fig. 8-1 shows the 

timeline and the total patent filing activities of these 11 entities. 

On the academic and government side, the Korea Food Research Institute (South Korea) and 

the University of Jiangnan (China) are the most prolific inventing entities. However, academic 

and government entities only comprise 7% of all patent data in this area. 

The Spanish National Research Council is the leading source of published literature pertaining 

to smart packaging technologies, followed by the Foggia University (Italy) and Ghent University 

(Belgium). Fig. 8-2 shows the number of publications by top researching entities. 

Unfortunately, none of the entities from the list is located in Australia or New Zealand. 
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Fig. 1 Timeline and total patent filing activities for the 11 entities that hold large patent portfolios 

(having 101 or more granted or pending patent applications) relating to “smart packaging” 

technologies. 

 

 
Fig. 2 Number of publications by top researching entities 

 

In the previous section on RFID technology development, work done by Dr Nemai Karmakar 

from Australia's Monash University was discussed. Dr Karmakar’s team from the Department of 

Electrical and Computer Systems Engineering may be a candidate for potential partnering for 

RFID related packaging technology development. 

Smart Packaging Technology Discussion 

In this section, technologies and commercial solutions related to smart packaging are identified 

and reviewed in the five key areas most relevant to the Australian red meat industry, namely 
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• Food safety, 
 

• Shelf life, 
 

• Anti-counterfeiting, 
 

• Traceability, and 
 

• Provenance. 
 

Emerging consumer and market trends are also discussed in order to better prepare Australian 

meat producers to understand the overseas markets and consumers, especially the China 

market and Chinese consumers. This report forms the basis for later stages of this project: 

 Identification of technical areas where inventions and solutions are needed for the “Food 

Without Fear” theme that has been identified as a key consumer trend in the Chinese 

market through a Problem Definition Workshop; 

 Development of two Request for Inventions (RFI) topics based on the outcomes of the 

Problem Definition Workshop; 

 Review of Xinova patent assets to identify if any has application to the selected 2 RFI 

topics; 

 Invention sourcing through Xinova’s inventor network; 

 Conducting “All-star” Inventor Workshops; and 

 Selection of two sourced inventions for proof of concept development. 

 

Smart packaging technologies have been continuously evolving in response to growing 

challenges from a modern society. The purpose of this report is to identify existing solutions 

and technology trends that may address the challenges faced by Australian meat exporters in 

the above five key areas and to make recommendations that may help them to explore and 

thrive in Asian markets. 

To ensure successful deployment of any innovative technologies developed, all partners in the 

value chain have to cooperate. This is especially true for Australian meat exporters, who often 

must work with local agents and distributors to ensure business interests and success in export 

markets. Even though a value chain analysis is out of the scope of this report, we still would like 

to address its importance when deciding whether to adopt any particular technology. 

 
Another important factor to consider is consumer acceptance when making decisions on 

technology adoption. Better understanding of consumer adoption of innovative packaging 

systems can help minimise the risk of market rejection of new technologies and can help the 

product providers to develop better market strategies. Compared to research and development 

work on various active and intelligent packaging technologies, there are relatively few studies on 

consumer acceptance and their purchasing behaviour with regard to those innovations. 

Although some previous consumer behaviour studies were considered and cited in the following 
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recommendations, please note that consumer perceptions and preferences towards certain 

technologies may differ widely among consumer demographics. Therefore, these 

recommendations may require additional consideration with further analysis of consumer and 

market insights. 

 
Recommendation 1 – Evaluate existing solutions 

 

The following existing smart packaging products may provide solutions to Australian meat 

exporters to address some of the challenges in the areas of food safety, provenance, shelf life, 

anti-counterfeiting, and traceability. All these existing solutions, which are either already 

available in the market or in the process of deployment, are relevant to the Chinese market, if 

not necessarily tested by market research and analysis. While there is no “silver bullet” for all 

the challenges identified, these existing technologies may be a part of the solution or can serve 

as a reference to help close the gap between research and industry. 

 
Dotless Visual Codes 

 

Israeli start-up company Visualead has developed a new QR code, dotless visual codes, as part 

of the “Blue Stars” platform for product engagement and anti-counterfeiting. Established in 

partnership with Chinese e-commerce giant Alibaba, this system can help consumers 

authenticate purchased products and receive product-specific information, such as targeted 

online promotions for the product. In addition to the authentication function of dotless visual 

codes, these codes can be custom made for products and companies by utilizing aesthetic 

shapes and colour, thereby providing a more engaging communication channel between the 

brand and the consumers. This innovative technology, built on deep expertise in computer 

vision, machine learning, and mathematics and protected by granted and pending patent 

applications in several countries, answers product providers’ needs for battling counterfeiting 

while increasing consumer engagement. Fig. 10-1 shows a consumer authenticating a product 

by scanning a Dotless Visual Code with a smartphone. 
 

 

Fig. 10-1 A consumer is authenticating a product by scanning a Dotless Visual Code on the 

packaging of a product 
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Authenticateit 
 

Authenticateit, an Australian company, has developed a traceability system that provides a 

convenient way to track and verify products at any point in the supply chain, including the point 

of sale. The company has successfully assisted a number of companies, especially SMEs, in 

entering Asian markets in different sectors, including clothing, footwear, meat, and dairy. The 

essence of Authenticateit’s brand protection platform is the unique product identifiers, GS1 

Datamatrix codes that are in line with the GS1 Global Traceability Standard. Fig. 10-2 shows an 

example of the GS1 Datamatrix codes that can be printed on the product packaging. In 

essence, these codes ask consumers to verify before purchasing by scanning the code with the 

free Authenticateit App from 360 Zhou or iTunes. When a code is scanned, the system 

compares the geolocation of the consumer (via mobile phone GPS) with the registered address 

of that particular product.  If the product’s barcode has been copied and offered to a consumer 

in a different location, the system will immediately alert the consumer and the brand owner of 

this occurrence. In addition to its consumer authentication function, the Authenticateit 

traceability system also records and stores information in the cloud of each change in the chain 

of custody when products move through the supply chain. Authenticateit’s traceability system 

enables the brand owner to register all members of their supply chain, including online stores. 

In this way, this system can be integrated into e-commerce sales channels easily where 

consumers are able to verify whether the online-store is linked to an authorised distributor. The 

average per label cost for products using the Authenticateit system in China is around 

US$0.0147 per item per year for 1 million items, or US$0.0036 per item per year for 10 million 

items (O’Brien 2015). 
 

 

Fig. 10-2 An example of Authenticateit’s GS1 Datamatrix codes 

Invisible Tracers 

Chinese-based company YPB developed an anti-counterfeiting technology based on invisible 

tracers made from rare earth materials that can be attached to any product or packaging as an 

authenticating identifier. YPB’s anti-counterfeiting solution produces a covert and forensic trace 

signature which, together with a specialised, hand-held scanner of a smartphone app, allows 
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brand owners and others to easily detect and report counterfeits. YPB estimates that the 

process of embedding the tracer adds less than a cent to the cost of a 7 cent tamper-proof soy 

sauce cap, for example (Condon 2015). Fig. 10-3 shows YPB’s hand-held scanner. In March 

2016, YPB announced that it has entered into a three-year contract to provide its invisible 

supply chain authentication solution to a major US casual footwear brand, incorporating the 

tracer technology into more than 70% of its entire production (Houston and Whitten 2016). 
 

 

Fig. 3 YPB’s hand-held scanner 

Greatview Aseptic Packaging 

In answer to China’s revised ‘Food Safety Law’ which now requires manufacturers to establish 

full supply chain traceability systems, Chinese company Greatview Aseptic Packaging, said to 

be the world’s second largest supplier of roll-fed aseptic beverage cartons, has developed an 

individually traceable milk carton printed with unique QR-codes, meaning each Greatview milk 

carton carries its own separate ID. In collaboration with Tencent’s WeChat and Chinese retailer 

RT-Mart, Mengniu’s ‘Selected Meadow’ Traceable+ milk became the first to apply this 

innovative smart packaging technology in promoting its milk brand. Consumers who use their 

smartphones to scan ‘Selected Meadow’ products will be able to trace item-level information 

about the milk contained in the carton (Packwebasia.com 2015). Fig. 4 shows the product of 

Mengniu’s ‘Selected Meadow’ Traceable+ milk packaged with the traceable Greatview milk 

carton. 
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Fig. 4 Mengniu’s ‘Selected Meadow’ Traceable+ milk packaged with traceable Greatview milk 

carton 

Recommendation 2 – Mobile-engaged intelligent packaging technologies 
 

China has the world’s largest penetration of smartphone and mobile network usage, which 

provides an excellent infrastructure base for food track and trace systems and for consumer 

communication and engagement. The mobile-enabled packaging technologies listed in 

previous sections, such as smartphone-enabled trackable authentication solutions, smartphone 

aided consumer communication, and smartphone-readable freshness sensors are all good 

examples of how packaging can be revolutionised by mobile-engagement in the current market. 

Therefore, our recommendation is to develop novel mobile-enabled integrated systems that can 

specifically address Australian meat exporters’ needs in key market segments. 

Recommendation 3 – Next generation RFID technologies 
 

As discussed in previously in this report, the standalone application of food quality indicators or 

sensors may not be able to achieve much commercial success because food producers are 

reluctant to use packaging systems in the market which could display a false reading (e.g., 

indicating that a product is not fresh). As a result, a better solution would be to incorporate 

sensors into tracing systems such that no compromised food products would reach the retailers 

or the consumers. Sensor-enabled RFID technology is a promising solution that not only can 

benefit consumers by ensuring freshness and quality, but also Australian meat exporters along 

with their local distributor and retailer partners, in order to more efficiently manage food stocks 

and fight counterfeiting. As discussed previously, several research and development trends in 

the RFID field have been identified, for example, printable sensor-enabled RFID tags, printable 

chipless RFID tags with integrated sensors, and passive RFID sensors. Our recommendation is 

to review recent RFID technology trends and explore not only from a technical perspective, but 

also other factors relevant to market introduction, such as cost benefit analysis (e.g., which use 

of RFID sensor tags is more beneficial and at what level, retail pack level vs pallet level), 

consumer perception and acceptance, and legislation and regulation requirements. 

Recommendation 4 – Smart components incorporated in modified atmosphere 

packaging 

Although active and intelligent packaging technologies have attracted significant research and 

development interest, the market size of MAP has always been dominant within the total market 

of advanced packaging. The share of MAP was 51.64% in 2014 and is expected to further 

increase to 53.12% in 2019 (Technavio 2015). Despite the significant market share of the MAP 

segment, our technology and product scanning implied there is not much active research with 

regard to this technology, except for those activities related to O2 scavengers/indicators and 

CO2 emitters. Our recommendation is to identify research opportunities in the area of smart 

components (active and/or intelligent) incorporated with MAP technologies. 
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Recommendation 5 – Brand differentiation 
 

Australian beef imports are already thriving in China but they are still largely distributed in 

commodity form. As a result, no active branded beef presence can be seen aside from the 

general brand of “Australia” as a premium meat products provider. Consumer studies have 

shown that affluent middle class Chinese consumers will appreciate packaging that 

communicates to consumers regarding product information and brand value. Our 

recommendation is to develop novel meat packaging technologies that not only can provide 

information on provenance, but also other features that can boost emotional brand connection 

and recognition for consumers. 
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Appendix 2: Food Packaging Conferences 

Following are lists of industry, science and technology conferences relating to packaging. While 

not exhaustive, the lists highlight the conferences considered to be the most important with 

regard to food packaging. 

Industry Conferences 
 

 SIAL (Paris 16-20 Oct 2016) https://www.sialparis.com/ 
 

SIAL, Paris, has a reputation as the largest and best food exhibition. SIAL has satellite 

exhibitions, also, including in Shanghai, Manila, Jakarta, Abu Dhabi and Canada. 

 Propak Asia (Bangkok 15-18 July, 2016) http://www.propakasia.com/ 

Consists of an number of co-hosted events. 

 Institute of Food Technologist, IFT Annual Meeting & Food Expo (Chicago Jul 16-19, 2016) 

http://am-fe.ift.org/cms/ 
 

 Tokyo Pack 2016 (Oct 4-7, 2016) Japan Packaging Institute. http://www.tokyo-pack.jp/en/ 
 

 Food and Drink Expo (16-18 April 2018) http://www.foodanddrinkexpo.co.uk/ 
 
 

Science and Technology Conferences 
 

 Innovations in Food Packaging, Shelf Life and Food Safety. (15-17 September 2015 

Munich, Germany) http://www.foodpackconference.com/ 
 

 6th International Symposium on Food Packaging: Scientific Developments supporting 

Safety and Innovation. (16-18 Nov 2016 Barcelona, Spain) 

http://www.ilsi.org/Europe/Pages/Packaging-Materials-Symposium-2016-General- 

Information.aspx 
 

 Food Integrity and Traceability Conference (Belfast 8-10th April) 

http://www.qub.ac.uk/asset2014/ 
 

 15th International Conference on Food Processing & Technology (November 07-09, 2016 

Istanbul, Turkey) 

Other related conferences 
 

 EU Food Integrity project 

https://secure.fera.defra.gov.uk/foodintegrity/index.cfm?sectionid=21 

https://www.sialparis.com/
http://www.propakasia.com/
http://am-fe.ift.org/cms/
http://am-fe.ift.org/cms/
http://www.tokyo-pack.jp/en/
http://www.foodanddrinkexpo.co.uk/
http://www.foodpackconference.com/
http://www.ilsi.org/Europe/Pages/Packaging-Materials-Symposium-2016-General-Information.aspx
http://www.ilsi.org/Europe/Pages/Packaging-Materials-Symposium-2016-General-Information.aspx
http://www.ilsi.org/Europe/Pages/Packaging-Materials-Symposium-2016-General-Information.aspx
http://www.ilsi.org/Europe/Pages/Packaging-Materials-Symposium-2016-General-Information.aspx
http://www.qub.ac.uk/asset2014/
https://secure.fera.defra.gov.uk/foodintegrity/index.cfm?sectionid=21
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Appendix 3: All-Star Inventor Workshop Presentation Slides 
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Appendix 4: All-Star Inventor Workshop Outcomes 
 

Results for RFI-170106 Tracking exported meat products from farm to fork. 

Concept 

# 

Who** What Type* Rank (1 good - 3 

poor, M - pure 

marketing, nothing 

technical) 

Questions / comments 

    BKS ML  

1 SU System to link CN further processing to AU 

database; scales to print UID to put on packaging, 

that can be scanned by client on AU app to 

confirm. Requires accredited butchers in CN. 

S,R 1   

2 BM Antibody tracking. Introduce foreign (eg fish) 

protein into animals early in life. Can later detect 

antibodies in cattle (sheep) as identification (non- 

UID). Improvement to have more than one 

protein, to help reduce risk of false negatives. 

Difficult to trace back to original protein. Testable 

by test strip 

C, M 2  Can it be detected in meat (ie dead 

animal)? 

3 SW Delivery mechanism for taggant. Use of a food 

substance that is desirable to cattle/sheep (eg, 

mollases based). Contain small spikes that pierce 

mouth lining to provide innoculant/taggant. Could 

be used in conjunction with #2 above. Spikes 

wouldn't necessarily be noticeable by animal if in 

micro/nano range 

C, M 3  A bit off topic 

4 NH Internal marking in AU of primals using HIFU - 

ALTERNATIVELY, focussed laser. Could mark 

C 2   
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  with machine readable code, or other branding. 

Only visible once primal is further processed. 

    

5 NH Larding using unique threaded colour pattern. 

Threaded through primal, such that when further 

processed, cross section of larding is visible and 

offers a visible indicator. 

C 3   

6 NH CO2 laser holgraphic surface labelling. Perhaps 

not truly holographic, but branding on surface to 

create multi-depth branding. 

C 1   

7 SU/NH Use of automated cutting blade to form unique 

shape laterally in the cut meat. Mechanised 

further processing of primal. 

R 3   

8 NH Fluid passed into meat, post-exsanguination. 

Fluid unique colour which is either visually 

detectable or machine detectable. 

C 3   

9 EK 

(SU/NH) 

Marbling Finger Print. Primal scanned to 

determine internal marbling. Could be scanned in 

AU, & internal, invisible pattern recorded in AU db. 

Marbling (or other internal pattern) becomes 

visible on further processing of meat.  Meat can 

be scanned by purchaser to be corellated with db 

image. 

C, M 1  SR submitted under previous MLA 

RFI to imaging of internal marbling, 

but not with use of db and as a UID 

10 EK Take image of external surface. Match cut back 

to original image. 

C, M 2  not sure how it would cope with 

loss of trimmings from primal to 

steak 

11 SW Unique traceable packaging. Includes self- 

destruct component. Part of overall system with 

fixed supply of packaging to supply chain. Self 

destruct allowing only one use of the packaging. 

R 2   
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12 SU Mailable external packaging. Consumer is 

encouraging, potentially through 

loyalty/rewards/lottery to return packaging to 

central body for data collection. Configured for 

sealing post opening (for hygiene reasons), or 

mailed portion is external such that it doesn't 

come into contact with meat. 

R 3   

13a BM Gel-like hydrophillic coating on primal, such that 

when the primal is further processed, some of the 

gel/coating is spread onto the meat, thus tagging 

it. 

C 2  possibly combine 13a & 13b - need 

more detail 

13b NH Wax coat, or dipping of meat in UV cured coating, 

which adheres to the meat and acts as a hermetic 

seal. 

C 2   

14 NH Induce diabetes in animal, then detect increase or 

decrease in blood sugars. 

C, M 3  welfare issues 

15 NH HelOx environment C 3  welfare issues 

16 NH Feed l-sugar to cattle, such that it can be 

measured, and is an indicator of origin 

C, M 2  would require substantial 

improvements to current l-sugar 

manufacture 

17 SW Put meat in Ar environment when packaging, < 

shrinking wrapping, such that it is present in meat 

and detectable as identifier 

C, M 2   

18 NH Hold primal in vacuum prior to packaging. 

Dissolved O2 is drawn out. Could be a unique 

measure. 

C, M 3   

19 SW Block chain backbone variation on #1 S,R 1   
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20 NH Tamper evident non-planar RFID, where part of 

the RFID is inserted into cut meat. Inserted part 

remains in meat when RFID body is removed. 

RFID only works properly when in complete form - 

if removed and reused, it doesn't work. 

R 2   

21 SW Use of water basting needles with unique pattern 

as UID. 

C 2   

22 EK microlaser/heat branding etching on primal in a 

2D pattern. 

C 2   

23 EK Dotted ink on exterior of primal with pattern 

integrity similar to patterns on bank notes. 

C 2   

24 NH QA label. Image of actual meat on part of packet, 

with see through window also on back, so can 

match part image with actual meat. 

R 2   

25 SW Similar to 7 above, could use 2 or more offset 

knives for further processing, such that it provides 

a unique cutting pattern in the meat which is 

determinable by image analysis, using app, etc. 

R 3   
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Results for RFI-170115 - Intelligent Interactive Packaging 

       

Concept 

# 

Who What Type* Rank (1 good - 3 

poor, M - pure 

marketing, 

nothing 

technical) 

Questions / 

comments 

    BKS ML  

1 NH Supermarket Kiosk. Scan meat at "kiosk" in supermarket. It suggests 

recipes. On recipe selection, metered dose of required spices is supplied, 

along with link or print of recipe. Could also dispense other things, but initial 

suggestion is recipe and spices. Could be configured such that only AU meat 

will scan on kiosk. Could also provide shopping list for recipe. 

R 1   

2 EK App to scan meat, recognise cut & suggest recipes/shopping list C 1   

3 NH Virtual cooking assistant. App enabled. Has step verfication from camera 

images before moving to next step. 

C 2   

4 SW Cooking classes - BYOM - either actual or virtual R M   

5 NH Cooking competitions. Online. Feedback on cooking provided and consumer 

use ino collected 

R M   

6 NH Lenticular label, where one half is cooked example, and other half is clear to 

show product. 

R 2   

7 EK Active QR code. Portions of B/W QR squares are changeable dependent on 

variable such as time or temperature. Change of QR Code means QR code 

provides link to different website over time. 

R 1   
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8 NH Microbial surrogate TTI. Allow to grow in external packaging component as 

TTI. Bacteria (for example) grow at known rate wrt temp, moisture, time, and 

so 

R 2  Cross 

contamination? 

9 NH/SU Proof of purchase card sent by customer to centralised service. Butcher puts 

under meat sold to customer. Couple with customer incentive. 

R 3   

10 NH Limited strip proof of purchase. Further processors in China are provided with 

a limited number of strips (or labels) to put with processed meat. Aim is that 

they can only lable a fixed amount of meat as Australian 

R 3  really for 

previous RFI 

11 SU Laser projection onto primal for butcher, to provide unique cutting lines R 3  really for 

previous RFI 

12 SU Freshness indicator. Colour change of specific numbers in the serial number 

(or other UID) depending on time. Therefore, in effect have a 2 step 

verification, as the serial number (or parts of it) should only be a particular 

colour at a particular time - can be verified via an app. 

R 1   

13 EK Machine readable freshness indicator. Coupled to scanned area and could be 

either visible or invisible.  Would be in or on QR code/bar code, and thus 

linked to it. 

R ?  In retrospect, I 

need more 

detail to 

understand 

this one 

14 EK AR video to provide steak feedback to consumer. Could use sizzle sound as 

indicator of cooking. 

C 2   

15 EK Temperature indicator in packaging goes into pan to show when pan is ready 

for cooking or meat ready to turn. Would likely be beside meat, not in or on or 

under it. 

R 2   

16 EK Room temperature indicator. Helps with knowing when to cook meat, after 

sufficient warming to RT. Could be QR code on packaging that changes 

colour at RT (when packagin is taken out of the fridge). 

R 2   
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17 NH Piercing pyramid. Internal colour viewer, could be in shape of inverted 

pyramid, pierces top of meat and spreads it out to allow viewing of internal 

meat as it's cooked or cooking. 

R 2   

18 NH Dynamic pricing indicator on shelf. Laser (or other) light display onto shelf to 

show dynamic price, likely reducing with time as meat approaches fridge shelf 

life. Possibly configured to read label for age & price 

R 3  on periphery of 

scope of either 

RFI 

19 BM Meat battery. Enabler for uses requiring electric power. Uses meat fluid as 

electrolyte. Could be used to power LED (or other light source). Could use 

fluid from soaker pad. Could be used as a tamper evident mechanism - eg, 

opening the packet completes or breaks a circuit which lights or sounds, etc. 

(SW) could emit noise on opening which is detectable by app. 

R 2   

20 NH Could use 19 in combination with RFID. RFID could be interrogated, where 

the RFID has impedance aspect to tell age of product, as time indicator. 

R 2   

21 NH Include USB stick with each pack, which is useful for the consumer. However, 

it would also send information pack to centralised service when used for the 

first time. Could be combined with sensor(s) which records info on handling 

which is sent back to centralised service. 

R 3   

22 SW sell cut of meat in cooking package - or beside optional cooking devices. 

Gives insight to how it's used, given can tell which devices are sold with the 

meat. 

R 2   

23 SW Talk of sponsoring a cooking show (suggestion was Midnight Dinners) with AU 

meat in use 

R M   

24 BM Strain sensor on hermetic packaging. If breached/hole, etc, there is a change 

in stretch, therefore affecting strain sensor. Could be linked to another means 

for visible or other indicator, eg colorimetric indicator. 

R 2  perhaps more 

applicable to 

first RFI 

25 NH Recordable device (eg coin) goes in cooking and is returnable to centralised 

service. Records information about the food as cooked, 

R 2   
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26 NH Re-usable primal bag that is openable by further processor in CN, and 

reusable as packaging of further processed meat, such that label is kept 

when further processed meat is sent to supermarket, etc. Can be configured 

to 

C 2   

 

 
*Type Meaning 

M Meat Inherency 

S System 

C Carries from AU to saleable meat 

R (Most likely) Requires CN processor to use accredited device/label, etc after further processing primal 

 
** Who 

 

Name 

BM Ben Millar 

EK Ed Kearney 

NH Noam Hadas 

SU Shmuel Ur 

SW Steve Wilson 
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Appendix 5: RFI170106 Tracking Exported Meat Products 
from Farm to Fork. 
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