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1. Rationale for Undertaking the Research  

Consumers choose beef primarily based on colour and associate a bright red colour with 

freshness and wholesomeness. Other characteristics such as country of origin, fat content 

and price are then taken into account. Packaging must preserve and present the meat in a 

pleasing manner. Vacuum packaging serves to preserve the product well but causes the 

meat to become much darker than consumers prefer. Retailers employ a number of 

packaging techniques to direct the consumer’s attention from the dark-colour but not 

always successfully. Consumers may then choose non-vacuum packed beef products. 

Alternative packaging systems such as Modified Atmosphere Packaging (MAP) with a high 

oxygen content cause the meat to exhibit a cherry-red colour but are not as effective in 

product preservation and may give rise to other problems such as lipid oxidation (leading 

to off odours and off tastes) and loss of meat tenderness (Gokoglu et al, 2011, Kim et al., 

2010, Suman et al., 2010). Carbon monoxide (CO) also causes the cherry-red colour and it 

is more prolonged than that caused by oxygen (Jeong et al., 2010). It had been used in 

packaging for over twenty years in Norway and is currently widely used in the USA 

(Sorheim et al., 1997). In both countries CO is not used as a pre-treatment, (as in this 

proposal) but rather as a packaging gas in which a CO gas mixture is included in the 

product (Sabranek et al., 2006). This has led to some safety concerns but the primary 

concern has been that the product will retain its “healthy bloom” beyond the sell-by-date 

and that CO MAP packaging might be used to market “bad meat” which appears fresh 

(Singh et al., 2011). The research proposed here involves the use of a low concentration CO 

gas mixture to pre-treat the product before the gas is removed and the product packaged 

under vacuum, thus removing the safety concerns. In a pilot trial, within the 

PROSAFEBEEF project, we began to develop pre-treatment regimes allowing us to produce 

a product whose colour loses its bright red bloom over the storage time so that it attains 

the same darker colour by the use-by-date as a traditional vacuum packed product. Thus 

the consumer can reliably still use colour as a visual indicator of “freshness”. This novel 

pre-treatment packaging regime also has all the benefits of a vacuum packed product, 

including reduced cost, durable packaging and ability to mature the beef in the packaging 

along with all the advantages of an oxygen MAP system (O’Connor and Allen, 2011). 

 

 

2. Research Approach  

Previous uses of CO with beef featured the inclusion of CO in the packaged final product, 

in order to facilitate the bright red colour of beef similar to that seen with O2. The 

primary approach here was to include CO as a pre-packaging gas only, but not to be 

included in the final packaged product. The beef was exposed to the CO pre-treatments 

but the gas mixture then removed and the meat was then vacuum packed and then 

presented to consumers. A series of time and concentrations trials were carried out to 

find the ideal pre-packaging conditions which would produce a very thin surface red colour 

that would begin to fade/change as the sell-by date was approached. This facilitated 

consumer trust in that they could believe what they saw and not be concerned about being 

sold sub-optimal quality meat, as expressed by consumers in other jurisdictions.  The data 

to verify this was obtained from laboratory measurements of different parameters 
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associated with meat and relating those to sensory levels, such as colour and texture, 

reported in the literature. Several types of muscle, concentrations of CO and exposure 

time were trialled to find the optimal conditions to ascertain the limits of the novel 

technology. As CO induced redness is caused by the carboxymyoglobin, new methods were 

developed to measure its concentration. It had been planned to apply for EU approval to 

use CO with this novel technology, in meat. As the project progressed it became obvious 

quite how unexpectedly large and expensive a task that this would be. It was therefore 

decided to promote the new technology as widely as possible to create an interest and 

demand from interested stakeholders throughout the meat industry in the EU. Apart from 

exhibitions at industry events and conferences a review on the use of CO in beef was 

published in Meat Science which has been widely cited and has now initiated further 

research and interest. This increased interest will greatly facilitate an application for the 

use of CO in meat, under very specific conditions and circumstances.  

 
 

3. Research Achievements/Results  

The effects of 5% CO mixture on LD steaks: The optimum CO pretreatment time was 

determined to be 5 hours as this resulted in a bright red colour that reduced gradually 

during the storage shelf life so that it became unacceptable by 28 days. This ensures that 

the appearance of the meat would be unacceptable to consumers before it became spoiled. 

TVC were at safe levels  at 28 days for all CO pretreatments and were below untreated 

controls which is a further benefit of the CO pretreatment. CO pretreatment had no 

negative effects on meat quality (lipid oxidation, cooking loss and tenderness). 

 

Analysis of Carboxymyoglobin layer in 5% CO mixtures in LD steaks: All treatments 

discoloured over storage irrespective of display temperature, and therefore meat spoilage 

would not be masked. K/S ratios further confirmed that CO does not mask spoilage, as 

very little COMb was present by day 28. 

 

Study of a range of CO percentages on CO induced carboxymyoglobin surface layer 

of LD steaks: The 1% CO pretreatment for 5h had a* values which fell just below the 

discoloration threshold (a* = 12) after 28 days of display, similar to the 5% CO for 5 

hours pretreatment thus showing  that reduced CO concentration coupled with reduced 

exposure time can achieve acceptable colour and not mask meat spoilage This allows safer 

handing conditions, no increase in processing time. The resultant efficiency in processing 

will increase profitability and productivity.  All CO pretreatment combinations had no 

effect on pH or purge loss. 

 

Analysis of the importance of pre-treatment Vs time since slaughter date: Extended 

ageing (T21) increased initial colour development levels but had the poorest outcome for 

colour stability. Applying CO pretreatments early post-mortem (T3) (after boning) 

increased colour stability and allowed ageing within the pack. When CO pretreatments are 

applied on aged meat (T21), colour will still rapidly discolour and does not mask spoilage. A 
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CO pretreatment of 1% CO for 5 h was the optimum CO pretreatment to induce surface 

redness and discolour by 35 days post-mortem storage. Varying the ageing period and CO 

pretreatments had no effect on cooking loss but did increase tenderness. The nature of 

this effect is unclear. There were no differences in tenderness between steaks portioned 

individually or those aged as subprimals followed by repackaging. This demonstrated that 

CO pretreatments showed sufficient flexibility when applied to various subprimal ageing 

periods thus showing that if CO-pretreatments were to be commercially applied the 

technology could be tailored to suit different processing systems and boning times.  

 

Analysis of a range of different muscle groups Vs CO pre-treatment: This study 

showed that CO pretreatments can be applied to other muscles such as Psoas major (PM), 

Gluteus medius (GM) and Semitendinosus (ST). CO pretreatments can improve redness in 

colour labile steaks including PM and GM over storage. The effect of CO pretreatments on 

protein oxidation had not been previously reported. CO pretreatments inhibited protein 

oxidation compared to vacuum packaged steaks suggesting CO is responsible for decreased 

protein oxidation. CO pretreatment had no negative effect on pH but decreased over 

storage. The pretreatment did not mask meat spoilage in any muscle tested so the 

principle of CO not masking spoilage applies to muscles of differing colour stability. Meat 

safety is improved as not only is colour enhanced, protein oxidation reduced, and 

microbiological growth is unaffected. 
 
 
 

4. Impact of the Research 

At the outset of this research, in developing this new technology, there was a definite 

need to address the needs and concerns of consumers in relation to the use of CO as a 

pre-packaging intervention in beef. Experience in other jurisdictions indicated that misuse 

could potentially lead to CO being used to market substandard beef.  This research 

developed the CO pre-packaging technology so that the consumer’s trust would be 

restored, that they could believe what they see in terms of colour indicating freshness 

and matching a use-by-date. For industry and regulatory authorities, the technology 

facilitates the use of low, safe, CO concentrations that marry the advantages of vacuum 

packed meat with the appearance of freshly cut meat thus increasing food safety, 

consumer acceptability and the ability to use a longer cold-chain production and targeting 

of more distant markets, which is particularly important today in terms of global 

developments in the meat industry.   

 
 

4(a) Summary of Research Outcomes 

 

(i)  Collaborative links developed during this research 
 

The technology was presented at Dublin Institute of Technology (now Technological 

University Dublin) Research and Industry Liaison Open Days and annually at the Teagasc 

Food Innovation Gateway and Open Day events allowing engagement with larger industries, 

SMEs and producers. Specific presentations were made directly with larger industries and 
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at specific event such as the Walsh Fellowship Seminars. Reports on the technology were 

presented at the 2015, 2016 and 2017 International Congresses of Meat Science & 

Technology (ICoMST) and at the 2018 World Congress of Food Science and Technology. 

These events greatly facilitated engagement with relevant Industry and Meat Scientists 

throughout Europe. Several European industries expressed interest in the technology and 

were supportive of its use being approved by the EU regulatory authorities. To engage, 

focus and publicise the necessity for an eventual facilitated EU proposal a review was 

published in the Meat Science journal:  Van Rooyen, L. A., Allen, P., & O'Connor, D. I. 

(2017). The application of carbon monoxide in meat packaging needs to be re-evaluated 

within the EU: An overview. Meat Science, 132, 179-188. 

(http://dx.doi.org/10.1016/j.meatsci.2017.03.016). This review has been widely cited.  
 

(ii)  Outcomes where new products, technologies and processes were developed 

and/or adopted  
 

The development of a new range of safe CO pre-treatment regimes, that facilitates meat 

to change in colour with time, as rightly expected by consumers has opened new 

possibilities to extending the use of meat vacuum packaging technologies and the targeting 

of more distant markets. This research has also answered questions of use and safety of 

CO as pre-packaging gas and will greatly facilitate an EU application for its use and hopeful 

adoption by the EU meat industry.  
 

(iii) Outcomes with economic potential  
 

CO meat packaging systems could create opportunities to improve meat safety as the 

principle of CO not masking spoilage applies to muscles of differing colour stability. 

Several European industries expressed interest in the technology and were supportive of 

its use being approved by the EU regulatory authorities. There is also an opportunity to 

export beef primals to distant markets where CO is already regulated (i.e. U.S.A) which 

could then apply CO pre-treatments to enhance colour and support value added-tender 

meat products without masking spoilage using different muscle cuts. 
 

(iv) Outcomes with national/ policy/social/environmental potential 
 

In terms of meat safety, security and waste the technologies explored here will greatly 

facilitate an EU application for the use of CO pre-packaging technologies 

 

 

 

4 (b)  Summary of Research Outputs 

Peer reviewed publications: 

Van Rooyen, L. A., Allen, P. and O’Connor, D.I. (2018) Effect of muscle type and CO-

pretreatment combinations on the colour stability, protein oxidation and shelf-life of 

vacuum packaged beef steaks. Meat Science 145 407-414 
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Van Rooyen, L. A., Allen, P., Kelly-Reese, C. and O’Connor, D.I. (2018) The effect 

of varying CO concentration and exposure time in the pretreatment on the colour stability 

and shelf-life of vacuum packaged beef steaks. Food Packaging and Shelf-Life 18 230-237 

Van Rooyen, L. A., Allen, P., Gallagher, E.I. and O’Connor, D.I. (2018) The effect 

of temperature during retail display on the colour stability of CO pretreated vacuum 

packaged beef steaks Meat Science 145 16-22 

Van Rooyen, L. A., Allen, P. and O’Connor, D.I. (2017) The application of carbon 

monoxide in meat packaging needs to be re-evaluated within the EU: An overview. Meat 

Science 132 179-188 

Van Rooyen, L. A., Allen, P., Crawley, S.M. and O’Connor, D.I. (2017) The effect of 

carbon monoxide pretreatment exposure time on the colour stability and quality attributes 

of vacuum packaged beef steaks. Meat Science 129 74-80. 

 

Non-refereed publications (Conference proceedings, industry publications and poster 

presentations): 

Van Rooyen, L. A., Allen, P., Crawley, S. M., & O'Connor, D. I. (2015, 23rd-28th 

August pp 186). The effect of carbon monoxide pre-treatments on the colour stability of 

vacuum packaged beef steaks Paper presented at the 61st International Congress of Meat 

Science & Technology, Clermont-Ferrand, France. 

Van Rooyen, L. A., Allen, P., Gallgaher, E. I., & O’Connor, D. I. (2016, 14th-19th 

August, pp 147). CO pretreatments of vacuum packaged beef steaks Paper presented at 

the 62nd International Congress of Meat Science & Technology, Bangkok Thailand. 

Van Rooyen, L. A., Allen, P., & O’Connor, D. I. (2016, 21st-25th August, pp 384). 

The effect of pre-treatment regimes to enhance meat quality on vacuum packaged beef 

steaks. Paper presented at the 18th World Congress of Food Science and Technology, 

Dublin Ireland. 

Van Rooyen, L. A., Allen, P., Reid, P., & O’Connor, D. I. (2017, 13th-18th August pp 

922-923). The effect of a range of CO concentrations and exposure times on the colour 

stability of vacuum packaged beef steaks. Paper presented at the 63rd International 

Congress of Meat Science and Technology Cork, Ireland. 

Van Rooyen, L.A., Allen, P., McDonnell, C. & O’Connor, D.I. (2018). Novel pre-

treatment packaging regime to enhance the value of vacuum packed retail cuts of beef. 

Teagasc Technology Updates December 

 

Oral Presentations at National and International conferences: 

Van Rooyen, L. A., Allen, P., Gallagher, E. I., & O'Connor, D. I. (2016, 10th 

November). Effects of CO pretreatments and display temperature on the quality of 

vacuum packaged beef steaks. Paper presented at the Walsh Fellowships Seminar, RDS, 

Dublin Ireland. 

Van Rooyen, L. A., Allen, P., & O'Connor, D. I. (2017, 13th-18th August). The 

application of carbon monoxide in meat packaging needs to be re-evaluated within the EU: 

An Overview. Paper presented at the International Congress of Meat Science and 

Technology, Cork, Ireland. 
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5. Scientists trained by Project 

 

Total Number of PhD theses:       1 

 

Lauren-Anne Van Rooyen, Technological University Dublin. Novel pretreatment regimes to 

enhance the value and quality of vacuum packed retail cuts of beef, January 2019 
 
 

Total Number of Masters theses:       0 
 
 

6. Permanent Researchers  

 

Institution Name Number of Permanent staff 

contributing to project  

Total Time contribution (person 

years) 

Teagac 2  0.86 

TU Dublin (was 

DIT) 

1                        2.0 

   

Total 3                 2.86 

 
 

7. Researchers Funded by DAFM 

 

Type of Researcher Number Total Time contribution (person 

years) 

Post Doctorates/Contract 

Researchers 

0 

0 

0 

0 

PhD students 1 4 

Masters students 0 0 

Temporary researchers 0 0 

Other 0 0 

Total 1 4 
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8. Involvement in Agri Food Graduate Development Programme 

 

Name of Postgraduate / contract 

researcher 

Names and Dates of modules attended 

 
Lauren-Anne Van Rooyen 

Completed Training courses & Modules: 
• Completed a module Hot-Topics – 
Future of the Agri- Food Sector as part of the 
Agri-Food Graduate Development Programme – 
5 ECTS credits obtained. 
• Science Writing and Presenting Skills for 
The Agri- Food Researcher as part of the Agri- 
Food Graduate Development Programme – 5 
ECTS credits obtained 
• Attended a Media and Communication 
Skills for Agri-Food Researchers Module – 
Obtained 5 ECTS credits obtained 
• Attended a statistics course for the 
Agri- Food Researchers - Teagasc Post-Doctoral 
Development Programme workshop looking at 
Statistics use of SPSS (13th June 2015) 
 

 

 

 

 

9. Project Expenditure 

 

Total expenditure of the project:     € 152871.97 

 

Total Award by DAFM:      € 162500.00 

 

Other sources of funding including benefit in kind and/or  

cash contribution(specify):      €0 
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Breakdown of Total Expenditure 

 

 

10. Leveraging 

Summarise any additional resources’/funding leveraged by this award from other sources 

e.g. Additional Staff, National/EU funding secured, EI Commercialisation Fund, etc. 
 

All funding came through the FIRM funding. 
 

 

11. Future Strategies  

Outline development plans for the results of the research.   
 

As a consequence of the success of this FIRM-funded research a full EU application for 

CO approval is now attainable. One of the grant leads, Dr David I.O’Connor of 

Technological University Dublin will carry this forward. 
 

 

12. Consent to Publish Final Report on the DAFM Website and/or Through Other 

Dissemination channels 

 

I consent to this report being made available to the public, through the Department’s 

website and other dissemination channels.  

 

 

Yes X  No  

 

 

Category Teagasc DIT 
Name 

Institution 3 

Name 

Institution 4 
Total 

Contract staff 0 0   0 

Temporary staff 0 0   0 

Post doctorates 0 0   0 

Postgraduates 88000.00 0   88,000.00 

Consumables 19045.93 2961.6   22007.53 

Travel and 

subsistence 
3504.70 4900.96   8405.66 

Sub total 110550.63 7862.26   118412.89 

Durable 

equipment 
0 0   0 

Other 0 0   0 

Overheads 32100.01 2358.77   34458.78 

Total 142650.64 10221.33   152871.97 
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13.  Declaration 

 

 

I declare that the information contained in this final report is complete and true to the 

best of my knowledge and belief. 

 

 

Signed:  Project Coordinator (on behalf of Ciara 

McDonnell)  

 

 

Date:   01/04/2020 

 

 

 

 

 

 

 

  

 

 


