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1. Rationale for Undertaking the Research 

 

Hot/warm boning offers significant cost saving opportunities for the Irish beef industry. While the 

improvements in meat quality and yield have been scientifically proven, information on the 

microbiological aspects of this technology is lacking. The elevated storage temperatures encountered 

during hot/warm boning could support the growth of spoilage and pathogenic bacteria. 

Microbial contamination has long been recognised as a primary source of spoilage and reduction of meat 

quality. Blown pack spoilage (BPS) is of particular concern as hot/warm boning could further exacerbate 

an already serious issue. 

Controlling BPS and prolonging the shelf-life of meat, along with delivering high quality products contained 
in suitable flexible packaging formats, is essential in order to continue to address issues such as, global 

supplier demands, economical profit, customer satisfaction, reducing packaging, and more importantly, 
reduction of food wastage. The development of smart packaging solutions presented in this project in the 

form of antimicrobial-active packaging may be a solution, or part of a solution, to address these and other 

related issues. 

The following issues were thus addressed in this project; 

1. The lack of data on the microbiology of beef carcasses during chilling 

2. Information on the microbiology of hot/warm boning versus conventional chilling, i.e. does 

hot/warm boning promote the growth of spoilage and pathogenic bacteria? 

3. The lack of control options for blown pack spoilage, specifically the development of active 
packaging and the investigation of rapid chilling using ice slurry 

4. The lack of information on the potential pathogenicity of blown pack spoilage Clostridium spp., 

specifically whole genome sequence analysis of C. estertheticum, C.gasigenes and C.ruminantium 

to investigate the presence of putative virulence markers. 

5. The current inability to detect low concentrations of BPS spores. 

6. The lack of smart antimicrobial-active packaging solutions which may be applied using current 

commercially available product-package systems. 

7. The absence of any packaging solutions specifically targeting blown pack spoilage Clostridium spp. 

 

 

2. Research Approach 

ISO and other peer reviewed methods were used to investigate the microbiology of hot/warm boned and 

conventionally chilled beef carcasses. Active packaging solutions to reduce and/or prevent BPS were 

developed and validated. For the development of active packaging in these studies, a total of four 

antimicrobials were examined for their reported antimicrobial effectiveness, both before and after heat 

treatments were applied, against bacterial strains involved in causing spoilage of beef. These 

antimicrobials were then incorporated into beef-derived gelatine films and the films were subsequently 

assessed for antimicrobial activity, as well as their physical properties. The best performing antimicrobials 
were then chosen for the next trials with beef which involved the shelf-life assessment of prime beef cuts. 

The most efficient method for the attachment of gelatin coatings was determined to be plasma treatment 

on PE surface. Plasma treated PE samples were then coated with gelatin (with different concentration of 
antimicrobials) solutions inside bags and beef cuts were vacuum packed and shelf-life inoculation studies 

performed. 

The second part of the research was to develop active packaging solutions against Clostridium 

estertheticum (DSMZ 8809). Three antimicrobials were tested at different concentrations. The minimal 
inhibition concentration (MIC) for each was initially determined. Clostridiumestertheticum spores were 

inoculated onto beef cuts packed inside the antimicrobial packs developed and monitored for indications 
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of BPS. Rapid cooling with slurry was also investigated as a technology to improve both the physiochemical 

and microbiological quality and safety of hot/warm boned beef. For the first time, the genome of a BPS 

Clostridial species (C.estertheticum, the most common and most rapid cause of BPS in Ireland and 
elsewhere) was mapped using state-of-the-art sequencing and bioinformatic methods. Finally, a real time 

PCR assay was developed to detect C.estertheticum, C.gasigenes and C.ruminantium, providing the Irish 
beef industry with a technology that is sufficiently sensitive to facilitate validation of sporicidal cleaning 

and disinfection of equipment. 

3. Research Achievements/Results  

Conventionally chilled versus hot/warm boned beef: Our research showed that significantly (P<0.05) 

higher TVC, LAB and Clostridium spp. concentrations were obtained on hot boned beef and that BPS pack 

distension or bursting occurred considerably sooner in hot boned product. Thus the beef sector should 

carefully review these findings before considering using hot boning as an alternative to current practices. 

Beef carcass microbiology data: This project characterised beef carcass chilling in terms of the physical 
parameters (temperature, relative humidity, pH and aw) and microbiology (total viable count (TVC) 

mesophilic (TVCm, 30°C) and psychrophilic (TVCp, 6°C), total Enterobacteriacae counts (TEC), 

Pseudomonas spp., Clostridia spp., Lactic acid bacteria (LAB) and Brochotrix thermosphacta). The data 
produced was used by the European Food safety Authority (EFSA) when developing the Opinion, 

‘.Scientific Opinion on the public health risks related to the maintenance of the cold chain during storage 

and transport of meat. Part 1 (meat of domestic ungulates). EFSA Journal 2014;12(3):3601, 81 pp. 

doi:10.2903/j.efsa.2014.3601’. 

Real time PCR: Microbial spoilage of beef primals by Clostridium spp. is a major issue for the beef industry. 

Beef typically spoils after 4 weeks chilled storage, with the production of large volumes of gas (primarily 

carbon dioxide) resulting in ‘blown packs’. Control is reliant on regular testing. However, the available 

testing methods were not capable of detecting spore concentrations below 1,000 spores per ml/cm2. Thus, 
while sufficient for testing suspect product, they were not sensitive enough for the early detection of 

contaminated beef or for the validation of sporicidal cleaning procedures. In response to this need this 
project developed and validated a set of real-time PCR assays, capable of detecting 4-5 C.estertheticum, 

2 C.gasigenes and 8 

C.ruminantium spores per ml/cm2 and transferred this technology to the Irish beef industry via the ‘Blown 
Pack Spoilage’ testing service at Ashtown. 

In this study the complete genome of Clostridiumestertheticum DSM-8809 was determined by SMRT® 

sequencing. The genome consists of a circular chromosome of 4.7 Mbp along with a single plasmid carrying 

a potential tellurite resistance gene tehB and a Tn3-like resolvase-encoding gene tnpR. The genome 

sequence was searched for central metabolic pathways that would support its biochemical profile and 
several enzymes contributing to this phenotype were identified. Several putative antibiotic/biocide/metal 

resistance-encoding genes and virulence factors were also identified in the genome, a feature that 

requires further research. The availability of the genome sequence will provide a basic blueprint from 
which to develop valuable biomarkers that could support and improve the detection and control of this 

bacterium along the beef production chain. 

Smart packaging solutions: Commercially-available antimicrobials like Auranta FV (AFV) and sodium 

octanoate (SO) were successively incorporated into beefderived gelatin and solutions were coated onto 
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plasma-treated conventional packaging laminates. AFV and SO coated packaging materials significantly 

prolonged the shelf-life of beef steaks by 33 or 55%, respectively, compared to control laminate samples. 

Following storage and assessment of indicator data, it was also concluded that AFV- and SO-containing 
packaging inhibited the growth of C. estertheticum, significantly delaying the BPS of beef primals. 

Hot/warm boning: chilling regime solutions: As part of these studies, we investigated new chilling 

approaches and the rapidity at which these could be applied to fresh meat products. Rapid chilling 

approaches demonstrated that core meat temperatures could be reached more quickly using rapid 
chilling, but were not accompanied with shelf-life benefits. Superchilling using ice slurries demonstrated 

that smaller ice particles improved chilling efficiencies. Such an approach could be used to reduce meat 

core temperatures. 

4. Impact of the Research 

 

This project provided data on the microbiology of beef carcasses during chilling and an evaluation of 

hot/warm boning which should inform the Irish beef industry when considering applying this technology. 

The real time PCR assay will allow the beef industry to, for the first time, evaluate the sporicidal cleaning 

and disinfection procedures currently applied and to revise these if necessary. 

A specific task in the project aimed to provide the closed complete highquality genome of C.estertheticum 

DSM-8809 the aetiological agent of blown pack spoilage (BPS). This is a novel contribution to the scientific 

literature associated with this economic topic. Future in depth analysis of the genome, may provide 

insights into the underlying mechanisms responsible for BPS. This together with the PCR-based assays 

developed, will contribute to the development of improved controls for the meat industry generally. 

 

4(a) Summary of Research Outcomes 

(i) Collaborative links developed during this research 

Teagasc developed a collaborative link with Dr. Roland Lindqvist of the Swedish National Food Agency, 

which was used to collaboratively analyse the beef carcass microbiology data and evaluate the suitability 

of relevant predictive software, Combase and the Food Safety Spoilage Predictor (FSSP), for use by the 

Irish beef sector. 

UCC developed a collaborative link with Dr. P. J. Cullen of the Dublin Institute of Technology (DIT) 

specifically in the application of plasma technologies. 

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

adopted 

A set of real-time PCR assays, capable of detecting low concentrations (4-5 C.estertheticum, 2 

C.gasigenes and 8 C.ruminantium spores per ml/cm2) was developed and validated. 

The complete genome sequence of C.estertheticum was obtained through the project. This is now 

available for further study. 
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New, active, naturally-sourced, antimicrobial coating recipes containing Auranta FV (AFV) and Sodium 

Octanoate (SO) incorporated into beef gelatin were developed for application onto plasma-treated 

conventional laminates for vacuum packaging application and validated on beef medallions. Coatings 
applied onto plasma-treated, heat-shrink packaging material significantly reduced the growth of C. 

estertheticum. SO or AFV have the potential to be used as effective antimicrobials for antimicrobial-active 
packaging applications for muscle-based food products for conventional, biodegradable and edible 

packaging. 

Rapid chilling technology demonstrated that core meat temperatures could be reached more quickly using 

rapid chilling approaches, but were not accompanied with shelf-life benefits. Interestingly, rapid chilling 

approaches appeared to improve meat quality attributes such as meat tenderness, without impacting 
negatively on colour. Superchilling, using ice slurries, demonstrated that smaller ice particle sizes 

improved chilling efficiencies. This effect was more pronounced when a ratio of 60% water was mixed with 

40% ice. 

(iii) Outcomes with economic potential 

The development of the sustainable edible antimicrobial coatings for the application in smart packaging 

systems for beef can reduce conventional packaging wastes, spoiled meat wastes, thereby delivering a 
more environmentally-sustainable production approach. This is a realistic platform from which to develop 

more user-friendly packaging concepts for the meat industry, using the prototype packaging systems 

developed as part of this project. 

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

The project outputs align with the EU Bioeconomy Strategy – Innovating for Sustainable Growth by playing 

a role in the sustainable use of renewable biological resources for industrial purposes, ensuring 

environmental protection, sustainable production of renewable biological resources and their conversion 

into food (gelatin coatings). Developed in the current project, the development of edible coatings also 

align with the JPI Agriculture, Food Security and Climate Change, where the global need for a secure and 

safe food supply is expected to increase by 50% by 2030, and to double by 2050. Project outputs are also 
consistent with the 7th European Action Program (EAP) objective to turn the Union into are source-

efficient, green, and competitive low carbon economy due to gelatin coatings can be used in a sustainable 

biodegradable or edible packaging or meat coatings. Project outputs consistent with the NRPE report on 

the development and application technology to eliminate wastes, drive resource efficiency and improve 

product quality. 

The research outcomes are also consistent with The Government Strategy for Science, Technology and 
Innovation, specifically ‘DAF will ensure that food 
researchprovidesabaseofknowledgeandexpertiseingenerictechnologiesto support a modern, innovative 
and consumer focused food industry, with attention to food safety and quality issues’ [page 16 & Key Action 
4, page 
62]. 

Agri-Vision 2015: This project outcomes are consistent with Agri-Vision 2015, specifically the objective to 
promote best practice in food safety and quality, recognising their importance to consumers and the 
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competitive advantage that such practices offer, particularly in the context of competing with low cost 
imports’. 

4 (b) Summary of Research Outputs 

 (i) Peer-reviewed publications, International Journal/Book chapters. 

Reid, R., Fanning, S., Whyte, P., Kerry, J., Lindqvist, R., Yu, Z. and Bolton, D. J. (2017) The 
microbiology of beef carcasses and primals during chilling and commercial storage. Food 
Microbiology, 61, 50-57. 

Rachel R., Fanning, S., Whyte, P., Kerry, J., Bolton, D. J. (2017). The effects of hot versus cold 
boning of beef carcasses on bacterial growth and the risk of blown pack spoilage. Meat Science, 
125, 46-52. 

Rachel R., Fanning, S., Whyte, P., Kerry, J., Bolton, D. J. (2017). An investigation of the effect 
of rapid slurry chilling on blown pack spoilage of vacuum packaged beef primals. Letters in 
Applied Microbiology, 64, 2, 177-181. 

Rachel R., Fanning, S., Whyte, P., Kerry, J., Bolton, D. J. (2017). The fate of Salmonella Typhimurium 
and Escherichiacoli O157 on hot boned versus conventionally chilled beef. Meat Science, 126, 50-54. 

Rachel R., Tyuftin, A., Fanning, S., Whyte, P., Kerry, J., Bolton, D. J. 

(2016). Controlling blown pack spoilage using anti-microbial packaging. Foods, 6 

(67), Open Access: doi:10.3390/foods6080067 

Rachel R.,, McCabe, E., Fanning, S., Whyte, P., Kerry, J., Bolton, D. J. (2017). Real-time PCR methods 

for the detection of blown pack spoilage causing Clostridium species; C.estertheticum, C.gasigenes 

and C. ruminantium. Meat Science, 133:56-60. 

Clarke D., Tyuftin A.A., Cruz-Romero M.C., Bolton D., Fanning S., Pankaj S.K., Bueno-Ferrer C., Cullen 
P.J., Kerry J.P. , (2017). Surface attachment of active antimicrobial coatings onto conventional plastic-
based laminates and performance assessment of these materials on the storage life of vacuum 
packaged beef sub-primals. FoodMicrobiology, 62, 196-201. 

Clarke D. , Molinaro S., Tyuftin A., Bolton D., Fanning S., Kerry J.P. (2016). Incorporation of 

commercially-derived antimicrobials into gelatinbased films and assessment of their antimicrobial 
activity and impact on physical film properties. FoodControl, 64 (2016), 202 – 211. 

Clarke D., Tyuftin A., Molinaro S., Kerry J.P. (2016). Novel techniques regarding the control of growth of 

spoilage bacteria associated with fresh meat. ThesisforMS. Submitted to the University of College Cork. 

Yu, Z., Gunn, L., Brennan, E., Reid, R., Wall, P.G., O Gaora, P., Hurley, D., Bolton, D and Fanning, S. Complete 

genome sequence of Clostridium estertheticum DSM-8809, a microbe identified in spoiled vacuum packed 

beef. FrontiersinMicrobiology (2016) 7: e1764 doi: 10.3389/fmicb.2016.01764. 

Yu, Z., Hurley, D., Gunn, L., Brennan, E., Reid, R., Wall, P.G., O Gara, P., 
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Hurley, D., Bolton, D and Fanning, S. Comparative genome analysis of 11 Clostridium isolates linked 

to cases of blown pack spoilage (BPS) in vacuum packed beef. Frontiers in Microbiology (2017) 

submitted. 

(ii) Popular non-scientific publications and abstracts including those presented at 

conferences 

Rachel Reid, Roland Lindqvist, Seamus Fanning, Paul Whyte, Joe Kerry and Declan Bolton (2015). The 
microbiology of beef chilling: do the observations fit the predictions?, Poster 189, Abstract book page 
111, poster presented at the EFSA Expo conference ‘Shaping the future of food safety together’, 
Milan, Italy 14th to 16th October 2015. 

Rachel Reid, S. Fanning, P. Whyte, J. Kerry and D.J. Bolton (2016) An investigation of the time to onset 

of blown pack spoilage in hot and conventionally boned beef. Poster presentation at the FOOD MICRO 
International Conference, University College Dublin, 19th to 22nd July 2016, Abstract book, page 440. 

Rachel Reid, Roland Lindqvist, Seamus Fanning, Paul Whyte, Joe Kerry and Declan Bolton (2016). The 
microbiology of beef chilling: do the observations fit the predictions?, Poster 214, Abstract paper no. 
914, poster presented at the 18th World Congress of Food, Science and Technology (IUFoST 

International 2016), RDS, Dublin, 21st-25th August 2016., Abstract Book, page 904. 

Tiuftin A., Clarke D., Cruz-Romero M., Bolton D., Fanning S., Pankaj S.K., Bueno-Ferrer C., Cullen 
P.J., Kerry J.P. (2016). Potential use of gelatin as a carrier of active antimicrobials to develop 

antimicrobial coated conventional plastic-based laminates and their performance assessment on the 
storage life of vacuum packaged beef sub-primals. IUFoST 18 World congress of food science and 

technology. Congress Proceedings. P. 1318. August 21-25, Dublin. Oral presentation. 

Clarke D., Tyuftin A.A., Pankaj S.K., Bueno-Ferrer C., Cullen P.J., Kerry J.P. (2015). Active edible 
antimicrobial beef gelatin coating: properties and effectiveness on shelf life of beef in vacuum 
packaging. MATBIUM conference, Zaragoza, Spain. Poster presentation 

Tyuftin A.A., Reid R., Bourke P., Cullen P.J., Fanning S., Whyte P., Bolton D., Kerry J.P. (2016). 

Assessment of Commercial Antimicrobials Incorporated into Gelatin Coatings and Applied to 
Conventional Heat-Shrinking Material for the Prevention of Blown Pack Spoilage in Vacuum Packaged 
Beef Cuts. 
ConferenceproceedingsinInternationalJournalofNutritionandFood Engineering, ICFSPM 2016 : 18th 
International Conference on Food Safety and Packaging Methods Rome, Italy, December, 3, (12), 2016. 
Oral presentation. 

(iii) National Report 

(iv) Workshops/seminars at which results were presented 

We organised a Beef Industry Workshop (Packaging and Chilling Technologies to Enhance Meat Quality 

and Safety; FIRM 11/F/033) on Tuesday 6th December 2016, Training and Conference Centre, Teagasc Food 
Research Centre, Ashtown, Dublin 15 
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(v) Intellectual Property applications/licences/patents  

No IP developed to date. 

(vi) Other 

UCC carried out preliminary tests for industrial coatings application and has negotiated with industrial and 

R&D equipment developers for new technologies for coatings. UCC is open to negotiate an IP. All other 

results are published in scientific journals and can be found in various databases. 

5. Scientists trained by Project 

Total Number of PhD theses: 2 

A study of the microbial quality of hot boned beef and the development of a real-time PCR assay 
for the detection and quantification of blown pack spoilage Clostridial species (Ph.D Rachel Reid, 

UCD, 9th May 2017). 

Molecular characterisation of selected bacteria cultured from food and the production 

environment-use of whole genome sequencing approaches to characterise phenotypes relevant 

to food safety and food quality. (Ph.D Zhongyi Yu, UCD, 30th October 2017). 

Total Number of Masters theses: 1 

Novel techniques regarding the control of growth of spoilage bacteria associated with fresh 
meat. (MS, Clarke David, Tyuftin Andrey, Molinaro Stefano, Kerry Joe P. UCC, 16thJune,2016). 

6. Permanent Researchers 

Institution Name Number of Permanent staff 
contributing to project 

Total Time contribution (person 
years) 

Teagasc 1 0.425 

UCC 2 0.600 

UCD 1 0.150 

Total 4 1.175 

 
 
7. Researchers Funded by DAFM 

 

Type of Researcher Number Total Time contribution (person 
years) 
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Post Doctorates/Contract 
Researchers 

4 2.334 

PhD students 2 5.000 

Masters students 1 3.417 

Temporary researchers 

Other 
1 2.052 

Total 8 12.803 

 

 

 

8. Involvement in Agri Food Graduate Development Programme 

Name of Postgraduate / contract researcher Names and Dates of modules attended 

Rachel Reid AFGDP Careers Summer School UCD 1113th July 
2014 

Rachel Reid Career Development UCC 23-25th November 
2015 

 

 

9. Project Expenditure 

Total expenditure of the project: € 541,182.60 

Total Award by DAFM: € 565,722 

Other sources of funding including benefit in kind and/or € 60,265 (Teagasc cash 

cash contribution(specify): contribution) 

Breakdown of Total Expenditure 

Category Teagasc* UCC UCD 
Name 

Institution 4 Total 

Contract staff 0 148,846 42,206.59  191,052.59 

Temporary staff 0 0 0  0 

Post doctorates 0 0 0  0 

Post graduates 73,333.32 44,000 0  117,333.32 

Consumables 15,300.47 30,202.35 48,833.87  94,336.69 
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Travel and subsistence 
3,828.32 7,001.85 0 

 
10,830.17 

Sub total 92,462.11 230,050.20 91,040.46  413,552.77 

Durable equipment 
0 4,120 0 

 
4,120 

Other 0 0 0  0 

Overheads 27,738.63 68,459.06 27,312.14  123,509.83 

Total 120,200.74 302,629.26 118,352.60  541,182.60 

 

 

10. Leveraging 

n/a 

 

11. Future Strategies 

The data generated in this project was presented to relevant stakeholders in a workshop in month 35. The 
beef carcass microbiology data will be used to inform research in the Meat Industry Ireland research in 

the future. The real time PCR assays are and will continue to be delivered to the Irish beef sector through 

the BPS testing service provided and Teagasc (Ashtown) 

Availability of the C.estertheticum DSM-8809 genome, will provide a genetic landscape for others from 

which to develop and validate suitable diagnostic markers. Furthermore, this genome will allow for further 

exploration and eventually resolution of the BPS phenotype. 

The methods used in this project eg. MIC, shelf-life evaluation methods etc. will be used to train the next 

generation of postgraduate students in UCC. MIC for other related antimicrobials will be carried out in 

order to find new and more effective antimicrobials. New formulations will be developed. Some 

suggestions pertaining to coating application methods were delivered at the Industry Workshop at 

Teagasc in a section “Novel active packaging to control beef primal spoilage, including blown pack spoilage 

(BPS)”. Additionally, results were discussed with industrial partners (Dawn Meat, Envirotech Ireland) at 

UCC. Final industrial application of potential new packaging technologies needs to be tested in R&D 

laboratories on industrial sites for further technological development. 

The superchilling application, as presented in this project, needs to be modified for potential uptake in the 
red meats sector so that its benefits to commercial application can be harnessed, without presenting a 

possible contamination risk. This again is something that needs to be investigated further, but with 

industrial stakeholder involvement. 
The research project has provided UCC with the capacity to investigate the benefits of superchilling now 

that UCC has the processing infrastructure in place. It has provided an opportunity for students and staff 
alike to learn new processing skills and has contributed to the generation

 of publications and reports. 

 


