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1. Rationale for Undertaking the Research  
 
Need/ problem to be addressed: Campylobacteriosis is the most prevalent foodborne 

gastroenteritic disease in humans in industrialised societies. Up to 80 % of human cases of 
Campylobacteriosis in humans are caused by Campylobacter Jejuni, a zoonotic gram-negative 
commensal microorganism which occurs naturally in poultry. Infected birds are known to harbour very 
high C.jejuni  loads in their gastrointestinal (GI) tract, and in particular in the caecum.  Inevitably, during 
processing, the risk of transmitting C.jejuni from the GI tract to the carcass itself is high, hence, reducing 
or limiting C. jejuni present in the GI tract prior to slaughter is a strategy which could have significant 
impact on its control and prevalence at the processing level. In the past C. jejuni was controlled by the 
prophylactic use of antibiotic growth promoters (AGPs).  These substances have been banned in EU 
member states from 1st January 2006). Enhanced efforts are now being made to find natural alternative  
to AGPs.  

Rationale for carrying out the research:  To date the number of alternatives to AGPs that have 
been explored is diverse and include exogenous enzymes, probiotics, prebiotics and plant derived 
bioactive compounds.  With respect to C. Jejuni, several natural compounds have been explored with 
the aim of achieving reductions within the GI tract including; trans-cinnamaldehyde, Thymol extracts of 
plant phenolic compounds, and Benzyl isothiocyanate, all with varying success. 

The brown seaweeds contain a number of bioactive compounds such as: polysaccharides 
including mannitol, laminarin and fucoidan; polyphenols including phlorotannins; vitamins and trace 
minerals. Components such as β-glucans and fucoidans have immune-modulatory effects within host 
tissues and are capable of binding to receptors which have the capacity to modify downstream immune 
responses. Studies on specific extracts of A. nodosum have highlighted a variety of potential bioactive 
properties including: bacteriocidal anti-inflammatory and immunomodulatory antioxidant, anticoagulant 
and anti-metastatic. Of relevance to the development of natural compounds that can reduce C.jejeuni 
counts in chicks is the anti-bacterial and immunomodulatory properties.  Numerous mechanisms for the 
anti-bacterial properties of seaweeds have been proposed, with some studies focussing on the directly 
bactericidal properties of the seaweed and others focusing on the immunomodulatory effects of the 
seeweed on receptive cells in the host.  
 
The hypotheses:  

1) a purified laminarin extract from the seaweed species Laminaria digitata, will provide a very 
strong stimulus to the immune system and will as a consequence, enhance the chicks’ ability to 
inhibit Campylobacter colonisation; 

2) a crude extract from the seaweed species Ascophylum nodosum with known anti-
campylobacter activity in vitro, with suppress campylobacter colonisation iv-vivo.  

 
 
2. Research Approach  
 
Research methodologies employed:  In both Tasks 1 and 2, the diet of chicks was supplemented with 
specific seaweed extracts from day of hatch.  The chicks were challenged with Campylobacter from day 
3.  The chicks were euthanized on day 10 post hatch and the caecum and ileum harvested for 
subsequent microbial and transcriptomic analyses.  In Task 1, extracts of Laminaria digitata were tested: 
one extract of purified laminarin, the other of equal ratios of laminarin and fucoidan. In Task 2, a 
relatively crude extract of Ascophylum nodosum was tested (details given down further).   
 
Novel techniques: We established a chick unit suitable for experimentally infecting chicks with 
campylobacter.  This is the first of its kind in Ireland.  
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Modifications from the original approved project proposal:  
The main issue with the project was that the design of Task 2 was dependent on the results of Task 1.  
Our overall hypothesis for both experiments was that campylobacter numbers in the chick digestive 
tract would be reduced by enhancing the immune system of the chick.  We utilised seaweed extracts 
that have enhanced the immune system of the pig with associated reductions in salmonella and E. coli 
infection in the pig in previous studies.  The experimental diets used in Task 1 were successful in 
enhancing the immune system, as observed with cytokine gene expression, histological structure of the 
digestive system and fundamentally in growth rate of the chicks – which was realy impressive.  
However, the diets did not influence campylobacter numbers in the caecum or in the faeces – which is 
realy the target that we would like to achieve. 
  In Task 2, the plan was to pick the best bioactive from the results of Task 1 and feed it to the hens and 
monitor the chicks that were hatched. Unfortunately, the bioactives used in Task 1 it did not have any 
effects on campylobacter levels in the chicks.  So we felt that it was not appropriate to go ahead and do 
the second experiment as originally planned. 
Hence, we went back to the lab and screened a variety of other cruder seaweed extracts to determine if 
any of those would have direct campylobacter inhibiting effects in - vitro.  We screened 43 extracts that 
have originated from the Nutramara project and 13 extracts originating from Bioatlantis Ltd.  – the 
company that provided the extracts used in Task 1.  Three extracts originating from Bioatlantis Ltd. 
inhibited campylobacter growth over a 48-hour time period in-vitro, and their results are presented in 
Table 2. These three extracts are a cruder extract, compared to the extracts used in Task 1, which were 
highly purified.  These three extracts have phlorotannins remaining at concentrations of approx. 25g/L, 
which has antimicrobial activity. 
 
Extract D002F324 had the greatest anti-campylobacter effects in–vitro and was proposed as an 
alternative extract for a revised Task 2. So we requested a change to the project proposal to change the 
details of Task 2 and instead of using the bioactives from Task 1, that we would use the newly identified 
bioactive – which has an anti-campylobacter mode or action rather than a host immune enhancing 
mode of action. This request was submitted in January 2014 and accepted by DAFM.  This revised 
project was completed by April 2014, with the extracts fed directly to the chicks rather than to the hens 
as originally proposed. Two different concentrations of the extract were compared.  
 
Specific inhibitory details and biochemical details of the extracts are presented in Tables 2 and 3.   
Table 2.   Three seaweed extracts that had anti-campylobacter effects.  These extracts were explored at 
a range of concentrations. D002F324 had the greatest inhibitory effect of these three extracts.  All other 
extracts tested had no observable inhibitory effect on campylobacter.    

  A002F334 D002F324 A002F314 

Concentration    

90% 2 log < 1 log 5 log 

75% 4 log 3 log 5 log 

50% 5 log 4 log 6 log 

25% 6 log 6 log 6 log 

12.50% 7 log 7 log 7 log 

 
 
Table 3.   Biochemical characteristics of D002F324 were determined. 

Sample DM Ash Fucoidan Laminaran Mannitol Alginate Phlorotannins 

Code % w/w %w/w %w/w %w/w % w/w % w/w % w/w 

D002F324 47.94 20.62 1.7 0.63 2.32 2.68 3.82 
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3. Research Achievements/Results  
 
In this project two main results were achieved.   

1) In task 1 we identified two seaweed extracts (laminarin and laminarin/fucoidan combination) 
from the seaweed Laminaria digitata that has substantial effects on the production 
characteristics of the chicks.  Specifically, these extracts resulted in a higher average daily gain 
and greater body weight compared to the control group when supplemented in the chick diet.  
These diets also supported a great villous structure in the gut, which would help the chicks the 
digest more food. Unfortunately, these two extracts had no effect on Campylobacter jejuni 
numbers in the caecum or faeces of the chicks.  

 
2) In task 2 we identified a number of seaweed extracts from the seaweed species, Ascophylum 

nodosum, that could reduce the growth of Ascophylum nodosum at 100ppm in-vitro.  One of 
these extracts was further explored in-vivo (Biochemical details are presented and reduced 
Campylobacter jejuni numbers in the caecum.   Unfortunately, this extract also reduced the 
growth rate of the chicks over the first 10 days of life.  

 
 
4. Impact of the Research 
 
 
4(a) Summary of Research Outcomes 
 

(i)  Collaborative links developed during this research 
Industry had a very real contribution to the project.  We met with both companies throughout the 
project and again in 2015 to discuss our future plans. 

• Bioatlantis Ltd made all of the extracts and supplied all of the extracts free of charge.  The 
extracts were made specifically for this project, based on the specific objectives of the project. 
They were very actively involved in the restructuring of Task 2 and the provision of new extracts 
to test. 

• Carton Bros. supplied the two batches of chicks free of charge.  Carton staff even came down to 
the chick unit to help settle the chicks.  Both T. Sweeney and JV O’ Doherty went for a tour of 
Carton Bros. facilities to assess the potential for incorporating the extracts into the chick 
production systems.  

 
 

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

It is too early for the products to be added to chick diets, but the data generated in this project is very 
interesting to poultry producers and former the basis of obtaining further funding from Science 
Foundation Ireland.  We have also agreed to be a collaborator on a project submitted to FIRM for the 
10th December 2015 call, led by Dr M. Patton from Sligo IT whereby they are proposing to produce diets 
to suppress campylobacter levels in chicks.  The resources/animal facilities developed in this project will 
be used for these further projects. 

 
 
(iii) Outcomes with economic potential  

Too early to say.  
 

(iv) Outcomes with national/ policy/social/environmental potential 
1) A new category 2 chick facility was established at Lyons Research Farm. This facility is now 

available for further research programs.  
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2) One extract that can reduce Campylobacter jejuni levels in chicks.  This extract has 

environmental potential in terms of reducing pathogenic load in the poultry production 
environment.   

 
3) Two extracts that can improve the growth rate of chicks. 

 
4) A postdoctoral research fellow was trained in the methodologies and subsequently went on to 

get a microbiology position with the Kerry Group.  
 

5) We have obtained funding from Science Foundation Ireland to continue this research (for more 
details see future strategies).  

 
 
4 (b)  Summary of Research Outputs 
 
 

(i) Peer-reviewed publications, International Journal/Book chapters. 
As these publications have not yet been published, they do not yet have page numbers. Ill forward them 
onto you when they are available.  

1) Sweeney, T., Meredith, H.,  Ryan, M., O'Doherty, J.V. (in press).  Evaluation of laminarin extracts 
from Laminaria digitata on chick growth and colonisation of Campylobacter jejuni following an 
experimental challenge. Poultry Science (In press).  

 
2) Sweeney, T., Meredith, H., Gath, V., Ryan, M., O'Doherty, J.V. (accepted with minor revisions). 

Effects of Ascophyllum Nodosum supplementation on Campylobacter jejuni colonisation, 
performance and gut health following an experimental challenge in 10 day old chicks. Innovative 
Food Science and Emerging Technologies. 

 
 

(ii) Popular non-scientific publications and abstracts including those presented at conferences  
None 
 

(iii) National Report 
None 
 

(iv) Workshops/seminars at which results were presented  
1. Veterinary Research Forum 2014 
2. Agricultural Research Forum 2014 
 

(v)  Intellectual Property applications/licences/patents 
None  
 

(vi) Other 
None 
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5. Scientists trained by Project 
 
Total Number of PhD theses:       0 
 
Total Number of Masters theses:      0 
 
 
 
6. Permanent Researchers  
 

Institution Name Number of Permanent staff 
contributing to project  

Total Time contribution (person 
years) 

UCD 2 0.3 person years 

Total 2 0.3 

 
 
7. Researchers Funded by DAFM 
 

Type of Researcher Number Total Time contribution (person 
years) 

Post Doctorates/Contract 
Researchers 

1 1 person years 

PhD students   

Masters students   

Temporary researchers   

Other   

Total 1 1 

 
 
 
8. Involvement in Agri Food Graduate Development Programme 
 

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

N/A  

 
 
 
9. Project Expenditure 
 
Total expenditure of the project:     € 88,671.96 
 
Total Award by DAFM:       € 95,195 
Other sources of funding including benefit in kind and/or  
cash contribution(specify):      € none 
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Breakdown of Total Expenditure 

 
 
 
10. Leveraging 
 
We see substantial potential for seaweed extracts in the health and production/growth of broilers and 
also in reducing the campylobacter load in the broiler caecum.  To address the requirements to further 
refine the purity and characterisation of the extracts, we have submitted a grant to Science Foundation 
Ireland, which has been funded.  This provides €1.2 million over four years. This funding has allowed us 
to hire 2 postdoctoral fellows and 2 PhD students.  It is the role of one of the postdoctoral fellows to 
extract purified bioactives from seaweeds with a variety of properties.  One of these properties will be 
the ability to suppress colonisation of campylobacter in the chicken caecum.   
We have also agreed to be a collaborator on a project submitted to FIRM for the 10th December 2015 
call, lead by Dr. M. Patton from Sligo IT whereby they are proposing to produce diets to suppress 
campylobacter levels in chicks.  The resources/animal facilities developed in this project will be used for 
these further projects.  
 
 
 
11. Future Strategies  
 
The results of this program have formed the basis of an SFI funded project that has commenced in 
January 2016.  This provides 1.2 million euro over four years, to hire 2 postdoctoral fellows and 2 PhD 
students.  It is the role of one of the postdoctoral fellows to extract purified bioactives from seaweeds 
with a variety of properties.  One of these properties will be the ability to suppress colonisation of 
campylobacter in the chicken caecum.   
 
We have also agreed to be a collaborator on a project submitted to FIRM for the 10th December 2015 
call, lead by Dr. M. Patton from Sligo IT whereby they are proposing to produce diets to suppress 
campylobacter levels in chicks.  While the results of this program have not influenced the scientific 
program, the resources/animal facilities/molecular techniques developed in this program will be used 
for these further projects.  

Category Name UCD 
Name 

Institution 2 
Name 

Institution 3 
Name 

Institution 4 
Total 

Contract staff      

Temporary staff      

Post doctorates €38,736.29     

Post graduates      

Consumables €29,292.16     

Travel and 
subsistence 

€180.75     

Sub total €68,209.20     

Durable equipment      

Other      

Overheads €20,462.76     

Total €88671.96     


