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Po u lt r y  Ne cr o t ic En te r it is

• Enteric disease caused by pathogenic strains of 

Clostridium perfringens, an opportunistic bacterium. 

(Timbermont et al., 2011; Wade and Keyburn, 2015) 2

• Predisposing factors: anything that causes intestinal 

damage or dysbiosis can be a trigger. 

• Costs $6 billion USD/year for the poultry industry.

(Shojadoost et al., 2012)

• Affects approximately 40% of commercial broiler flocks.

• Typically occurs between 3 and 4 weeks of age.

Presenter Notes
Presentation Notes
Well... Before talking about strategies to control necrotic enteritis in broilers, we first need to know how this disease occurs.NE is caused by the overgrowth of pathogenic strains of CP, an opportunist bacteria that, when in large quantities in the intestinal environment, can release toxins able to cause the necrose of the intestinal tissue.It is usually developed in the presence of predisposing factors. It means that only the presence of the bacteria in the gut is most of the time not sufficient to cause the disease. Risk factors are necessary to first cause an intestinal dysbiosis and then favor the over-proliferation of CP.NE affects approximately 40% of commercial broiler flocks and typically occurs between 3 and 4 weeks of age The disease costs around $6 billion dollars per year for the poultry industry – This number includes losses in performance, mortality, and costs associated with treatments. 



Ne cr o t ic e n te r it is : Clin ica l v s  su b clin ica l co n d it io n s
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Subclinical

• Silent. 

• Chronic damage to the intestinal tissue.

• Decreases growth performance. 

• The most responsible for economic losses.

Clinical

• High mortality (up to 50%).

• Often without premonitory signs.

• Some clinical signs that might be observed 

are severe depression, diarrhea, ruffled 

feathers, dehydration, and decrease in feed 

intake. 

Presenter Notes
Presentation Notes
NE may occur as clinical or subclinical conditions.The subclinical form is the most common and the main responsible for economic losses. This form of diseases is silent and occurs due to chronic damage to the intestinal mucosa (focal necrosis) that hinders the digestion and absorption of nutrients, as a consequence reducing broiler performance. In contrast, the clinical form of NE is mainly characterized by a sudden increase in flock mortality, often without premonitory signs. If we expose the intestinal tissue of birds in this condition, we will see necrosis in massive part of the intestinal tissue. 



Re m o v a l o f in - fe e d  a n t ib io t ic g r o w th  p r o m o te r s  (AGP) 
in cr e a se d  th e  in cid e n ce  o f p o u lt r y  n e cr o t ic e n te r it is
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• The number of PubMed citations on “necrotic enteritis and poultry”

2006 European union banned 

the use of in-feed AGPs.

Presenter Notes
Presentation Notes
Well…The occurrence of NE is not new in the poultry industry. The disease was first reported in chickens in 1961; however, the phasing out of antibiotic growth promoters from broiler diets has increased the incidence of this disease worldwide. This graphic shows the number of PubMed citations on “necrotic enteritis and poultry” over time – Something interesting to notice here is that the number of publications on NE increased exponentially following the AGP ban by the European Union in 2006. Which also reflects the challenges faced in the fieldAGPs were used not only to improve growth but also to prevent diseases; once we remove this protection from the animal diets, we can see the reemergence of diseases, as is the case of NE in broilers.



Re m o v a l o f in - fe e d  AGP: Co n se q u e n ce s  o n  n e cr o t ic e n te r it is
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Category Category Criteria Antimicrobial Family

I - Very High Importance
Essential for serious human 
infections and limited or no 

alternatives available

Cephalosporins

Fluoroquinolones

II – High Importance
Essential for treating serious 

human infections and few 
alternatives available

Aminoglycosides
Lincosamides

Macrolides
Penicillins

Streptogramins
Diaminopyrimidines

III - Medium
Importance

Important for treating human 
infections and alternatives 

generally available

Bacitracins
Sulphonamides

Tetracyclines

IV – Low Importance Not used for humans Flavophospholipids
Ionophores

Uncategorized Orthosomycin

• In Canada, antibiotics of category I were eliminated in 2014, and those in 

category II were eliminated in 2018. 

• Elimination of antibiotics of category III is still in debate, but we need to be 

prepared for the consequences! 

Category II: Lincomycin

                      Virginiamycin

                       Avoparcin 

Category III: Bacitracin

                     Oxytetracycline

                      

                     

Presenter Notes
Presentation Notes
Well.. Canada is also gradually eliminating antibiotics from animal diets and implementing greater veterinarian oversight in their use.Here, the antibiotics are classified according to their ability to effectively treat a human infection (categories range range from very high importance to low importance). In 2014, antibiotics of Category I were eliminated from animal production, and in 2018, the same occurred with those from Category II.   Lincomycin, Virginiamycin, and avoparcin were important antibiotics used as AGPs to promote growth and prevent NE in broilers. However, since they are from category 2, they cannot be used anymore (as AGPs).   The elimination of antibiotics from category III is still under debate, but they are planning to eliminate them as well. Two of the main efficient antibiotics still used commercially to prevent NE are bacitracin and  Oxytetracycline, but we should be prepared for the consequences of their elimination as well.  It will probably cause an increase in the incidence of NE in our flocks.



Ne cr o t ic e n te r it is : Mu lt ifa cto r ia l a n d  co m p le x  d ise a se
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• Several predisposing factors are associated with NE development in broilers.

• Every factor that can change the normal physical structure or environment of 

the GIT or cause immune suppression is a potential NE trigger. 

(Moore et al., 2016)

Presenter Notes
Presentation Notes
In order to be prepared to deal with the NE, we need to understand in which conditions NE is caused, and this is a challenge because NE is a very complex and multifactorial disease that we still do not understand 100%. Part of this is because several factors can serve as triggers for NE development. FIGUREBasically, every factor that can change the normal physical structure, affect the gut environment (causing imbalance in the microbiota) or cause immune suppression is a potential NE trigger.  Factors such as Eimeria infection/coccidiosis, a diet rich in NSP or protein, mycotoxins, and several other factors as we can see in this chart are able to change the gut environment favoring the CP growth, and therefore inducing NE occurrence.



Co ccid io s is  a s  a n  NE p r e d isp o sin g  fa cto r
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• Coccidiosis is caused by Eimeria spp. parasites, and it is the main NE 

predisposing factor.

Outside of the animal 
(e.g., in the litter)

• Exposure to extracellular matrix protein

• Protein plasma leakage

 

Adhesion sites and nutrients rich in amino 

acids for C. perfringens proliferation.

Presenter Notes
Presentation Notes
Among the predisposing factors that can lead to NE, Coccidiosis is the most common. There is a high correlation of both disease in the field.Coccidiosis is an enteric disease caused by different species of Eimeria parasite. These parasites have part of their life cycle outside of the host and part inside of the host – more precisely inside of the enterocytes.  When the bird eats sporulate oocyst of Eimeria, they invade the host enterocytes to reach maturation and replicate. Once they complete maturation, they exit the intestinal cells causing a damage to the intestinal tissue, leading to the leakage of plasma into the gut therefore providing nutrients rich in amino acids that serve as substrate for CP and also this damage creates adhesion sites for C. perfringens form their microcolonies.So, controlling coccidiosis in our flocks is also a way to prevent NE. 



Die ta r y  co m p o n e n t s  a s  NE p r e d isp o sin g  fa cto r s
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• Ingredients rich in non-starch polysaccharides (e.g., wheat, barley, oats).

• Proteins of low digestibility or from animal sources (e.g., fish meal).

• Excess of dietary nutrients (over the requirements). 

• Anti-nutritional factors, mycotoxins, oxidized oil, and others.

Incidence1 of necrotic enteritis lesions 
Diet (different protein 
sources) Duodenum Jejunum Liver

Potato 33a 33a 46a

Fish 23ab 25ab 26b

Soy 14b 17b 22b

P-value <0.001 0.005 <0.001
1 Number of lesion-positive birds out of 48 birds sampled in each treatment.

(Adapted from Palliyeguru et al., 2010)

Presenter Notes
Presentation Notes
Another common predisposing factor to NE are associated with diet changes or dietary components. Ingredients rich in non-starch polysaccharides (e.g., wheat, barley, oats) when included in high amounts in the diet without the use of exogenous enzymes (such as carbohydrase) they can increase the viscosity of the digesta, reduce the nutrients' digestibility (and if the nutrients are not being absorbed by the bird, they will be used by the CP in the hindgut. Favoring their proliferationProteins of low digestibility or from animal sources (e.g., fish meal).  If the protein won't be digested by the host, it will be used by CP – As CP does not produce amino acids; they need acquire it from the environment to survive and proliferate.  In case of proteins from animal sources they are rich is glycine and methionine which are preferred by these bacteria.Excess of dietary nutrients (over the requirements) for instance: protein or calcium And the presence of Anti-nutritional factors (phytic acidç protease inhibitors), mycotoxins, oxidized oil, and others -> That can cause intestinal dysbiosis and also trigger intestinal inflammation – so they can be risk factors. Here we have the results of an experiment in which the authors tested different sources of protein in the diet and tested their effects on the incidence of subclinical NE lesions in the duodenum, jejunum and liver of broilers.  They tested protein concentrates from potato that had low digestibility, from fish and from soy (soybean meal and full-fat soy) and they found that low digestible protein (as is the case of the protein present in potato) can enhance the incidence of necrotic enteritis in broilers. On the other hand, protein from soy that has high digestibility caused lower incidence of lesions.So, providing good quality ingredients is important to prevent NE. 



Im m u n e  su p p r e ss io n  a s  NE p r e d isp o sin g  fa cto r s
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• Physical and/or physiological stress (e.g., hot/cold stress, high stocking density, 

sanitary conditions)        Increase plasma corticosterone levels.     

• Immunosuppressive diseases (e.g., Marek’s , IBD, chicken infectious anemia).

(Zaytsoff et al., 2022)

Presenter Notes
Presentation Notes
Immune suppression can also be a NE risk factor, and this includes Physical and/or physiological stress that can increase the plasma corticosterone levels leading to intestinal dysbiosis. And also, Immunosuppressive diseases (e.g., Marek’s , infectious bursal disease, chicken infectious anemia) that can induce the malfunction of immune system – making the immune system weak to fight against infections. This experiment tested the stress effects on the development of NE in broilers. The authors had a control treat (non-challenged), control plus the supplementation of corticosteroid in the feed, a treatment only with CP, and the last treatment had a combination of CP + corticosterone.So, they conclude that the stress conditions, that can elevate the corticosterone levels in plasma can function as a trigger for the development of subclinical NE in broilers. 



W h y  a r e  p r e d isp o sin g  fa cto r s  n e ce ssa r y  to  ca u se  NE?

11(Posthaus et al., 2020)

• Clostridium perfringens is opportunistic. 

• Lack of mechanisms to synthesize amino acids and other nutrients.

• When they find an environment rich in nutrients and with plenty of adhesion 

sites, they proliferate and cause damage to the host.

Presenter Notes
Presentation Notes
And Why are these predisposing factors necessary to cause NE? Well.. As CP is an opportunistic bacterium – it needs to acquire nutrients (especially amino acids) from the environment or from the host to survive. In low amounts in the gut, they do not cause damage any damage to the host. The problem is when they can find conditions to grow and proliferate. So, especially in cases of dysbiosis (caused by one of the predisposing factors commented previously), there will be an imbalance of the gut microbiota (as represented in this illustration) favoring the conditions for CP proliferation – once they find an environment rich in nutrients, they start to produce degradative enzymes and toxins able to destroy the host tissue and with that they have more access to nutrients – making their population rapidly increase and spread the damage until total necrosis of the host tissue.   



Co n t r o l o f n e cr o t ic e n te r it is  in  a  p o st -a n t ib io t ic e r a
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• Effective management (stocking density, water quality, litter, temperature, 

ventilation…)

• Biosafety practices

• Nutrition – Use of good quality ingredients and phase-feeding 

• Use of feed additives aimed to enhance gut health  

There is not only one single solution. It will depend on the necessities of 

each farm. 

Different farms experience different challenges!

Presenter Notes
Presentation Notes
And how we can control NE without the support of AGPs? As we saw preventing coccidiosis, stress and providing good quality of feed ingredients are important aspects, in addition to that it would be important to keep…Effective management and husbandry – as well explained by Dr. Rob Renema in his webinar in January.Biosafety practices – cleaning and disinfection, control of rodents, wild birds and other pests, appropriate disposal of dead birds Use of feed additives aimed to enhance gut health – that will be the focus of the next slides –feed additives can be used to control NE, but they can not Cure bad management, or Offer complete protection from infectious disease. We need a holistic approach in order to control NE. There is no one-size-fits-all solution for controlling or preventing NE (necrotic enteritis) in broilers. Every farm faces different challenges and requires customized solutions that meet their specific needs. Moreover, the challenges can change over time or vary according to the seasons. So, just because a strategy is working well on a farm currently, it does not guarantee its long-term effectiveness.



Co n t r o l o f n e cr o t ic e n te r it is  in  a  p o st -a n t ib io t ic e r a
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• Many studies have been conducted to identify functional feed additives or 

feedstuff that can modulate the immune system and/or the microbiota, 

providing similar benefits to AGP. 

Limitations:

• Lack of knowledge about their mechanisms 

of action. 

• Inconsistent results. 

• No single product have been worked as well 

as AGP. 

(Gadde et al., 2017)

Presenter Notes
Presentation Notes
In terms of feed additives… Many studiesHowever, there is still a lack of consistency, and the results seems to vary from farm to farm And Why is this happening? Well.. - There is still a lack of knowledge about these products mechanisms of action- This is affecting the consistence of the results in the field. Most of the time the products work really well in the research environment, but when we try to translate them to the field, we are not able to see the same results. It may be related to flaws in the experimental design or because the real mechanism of action was not well explored and is being used to the wrong propose. So far, no single product have been worked as well as AGP. 



Po te n t ia l AGP r e p la ce m e n ts  th a t  w e  h a v e  b e e n  s tu d ie d  
a t  th e  Un iv e r s ity  o f Alb e r t a

14

• Natural feed additives focusing on the prevention of subclinical necrotic 

enteritis in broilers through gut health optimization. 

Chitosan 
oligosaccharides 
extracted from 

shellfish.

Punicic acid 
extracted from 
pomegranate 

seed oil.

Glucosamine-
derived caramels.
Products obtained 

from the 
caramelization of 

glucosamine.

Presenter Notes
Presentation Notes
And because of that it is still important to study potential products to be used as a part of a strategy to replace AGPs – not only test their effects on performance, but deeply understand their mechanism of action to be able to use them effectively to solve industry challenges. And because of that, here at the University of Alberta,  we are studying some potential products and their effects on gut health and their potential to prevent or mitigate poultry diseases, especially necrotic enteritis. Specifically for my PhD, we evaluated three different products, all of them from natural sources and produced here at the UofA. The first product studied was chitosan oligosaccharides – a compound extracted from shellfish waste; the second product was the punicic acid – an unsaturated fatty acid extracted from the pomegranate seed oil; and lastly glucosamine-derived caramels that are products obtained from the caramelization of glucosamine. 



• Natural, positively-charged compounds.

Ch ito sa n  o lig o sa cch a r id e s  (CO S) a s  a  p o te n t ia l AGP 
r e p la ce m e n t

(Zhou et al., 2020; Moine et al., 2021)

Chitin

COS

15

• Obtained from the shells of crustaceans, 

exoskeleton of insects and fungal cell walls.

• Depending on the molecular weight, they can 

exert antimicrobial, anti-inflammatory, or 

prebiotic properties.

Presenter Notes
Presentation Notes
Starting with the chitosan oligosaccharide products, they are…



CO S a s  a  p o te n t ia l AGP r e p la ce m e n t
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Tre a t m e n t s COS le ve l o f in clu s ion

Posit ive  Con t ro l (PC) 0 g/ kg

Ne ga t ive  Con t ro l (NC) 0 g/ kg

COS 220 kDa 0.2, 2 a n d  5 g/ kg

COS 180 kDa 0.2, 2 a n d  5 g/ kg

COS 110 kDa 0.2, 2 a n d  5 g/ kg

COS 95 kDa 0.2, 2 a n d  5 g/ kg

COS 30 kDa 0.2, 2 a n d  5 g/ kg

COS 25 kDa 0.2, 2 a n d  5 g/ kg

COS 17 kDa 0.2, 2 a n d  5 g/ kg

COS 14 kDa 0.2, 2 a n d  5 g/ kg

• Study 1 (pilot project): select the optimal COS molecular weight and level of 
inclusion in the diet able to prevent/mitigate subclinical NE in broilers and keep 
performance.

Commercial-type diet + Antibiotic + Coccidiostat 

Commercial-type diet without any medications

COS medium to high molecular weights 
showed promising to mitigate NE gross 
lesions in the intestine and maintaining 
growth performance.

Presenter Notes
Presentation Notes
In order to test the COS efficacy, we ran two experiments. The first was a pilot project in which we tested several different COS molecular weights, and different levels of inclusion in the diet. The objective of this pilot experiment was to select the optimal COS molecular weight and level of inclusion in the diet able to prevent/mitigate subclinical NE in broilers and keep performance.For that we compared…
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• Study 2 (large-scale experiment): further investigate the most promising 
treatments selected from study 1 on performance, immunomodulation, and gut 
health of broilers.

Commercial-type diet + Antibiotic + Coccidiostat 

Commercial-type diet without any medications

Shellfish COS high and medium molecular 
weight – most promising treatments selected 
based on Study 1.

Tre a t m e n t s Le ve ls  o f in clu s ion

Posit ive  Con t ro l (PC) 0

Ne ga t ive  Con t ro l (NC) 0

COS 180 kDa 0.2, 2 a n d  5 g/ kg

COS 110 kDa 5 g/ kg

COS 95 kDa 0.2 a n d  5 g/ kg

CO S a s  a  p o te n t ia l AGP r e p la ce m e n t

Presenter Notes
Presentation Notes
Which the objective was… 



• Use of predisposing factors that stimulate intestinal dysbiosis:

       - 15x coccidiosis vaccine by gavage at 12 d

       - 24-hour feed removal at 18 d

• Natural infection with C. perfringens present in the barn environment.

Na tu r a l su b clin ica l NE in fe ct io n  m o d e l

15x Coccidiosis vaccine by gavage at 12 d Bloody feces observed at 18 d Intestinal lesions observed at 22 d

(He et al., 2022) 18

Presenter Notes
Presentation Notes
To test the efficacy of COS in preventing NE in broilers – we applied a natural subclinical NE infection in all birds from the experiment.This challenge model was developed by our research group to induce subclinical NE in broilers and try to closely simulate the field conditions in which NE takes place.Since predisposing factors are necessary to induce NE, we selected 2: the first was 15x coccidiosis vaccine containing live Eimeria oocysts (to cause a physical damage to the intestinal tissue and also dysbiosis), and the second risk factor applied was 24-hour feed removal at 18 d (to cause stress and dysbiosis). Since CP is ubiquitous just like in the field



CO S s tu d y : Pe r fo r m a n ce  r e su lt s

Treatments Inclusion 
g/kg

After the challenge (10-25 d) Entire period (0-36 d)

BW/bird 
at 25 d (g)

BWG 
d/bird 

(g)

FCR   
(g/g)

BW/bird 
at 36 d (g)

BWG 
d/bird 

(g)

FCR 
(g/g)

Positive Control 0 879.96ab 44.41a 1.573a 1792.5 47.1 1.688
Negative Control 0 866.83ab 42.08ab 1.678ab 1756.4 46.35 1.765
COS 95 kDa 0.2 882.85ab 41.91ab 1.655ab 1824.3 47.13 1.738
COS 95 kDa 5.0 904.77a 43.40ab 1.642ab 1838.0 47.84 1.741
COS 110 kDa 5.0 880.74ab 41.21ab 1.655ab 1791.3 45.97 1.755
COS 180 kDa 0.2 879.81ab 42.75ab 1.612ab 1765.5 46.31 1.748
COS 180 kDa 2.0 872.55ab 41.77ab 1.703ab 1764.3 46.2 1.777
COS 180 kDa 5.0 838.99b 39.82b 1.723b 1733.4 44.38 1.761
SEM 12.18 0.85 0.03 25.43 0.92 0.02
P-value 0.03 0.02 0.05 0.08 0.28 0.34

+ 81.6 g 
more than NC 

(P = 0.08)

+ 38 g 
more than NC 

(P = 0.09)

19

Presenter Notes
Presentation Notes
And what did we find in the performance results?



Genus
Negative Control COS 95 kDa

P value FDRAvg relative 
abundance SD Avg relative 

abundance
SD

Clostridium sensu stricto 1 0.0013 0.003 0.0005 0.001 < 0.01 0.02

Erysipelatoclostridium 0.046 0.038 0.023 0.022 < 0.01 0.02

Species
Massiliomicrobiota
timonensis 0.024 0.021 0.009 0.010 < 0.01 0.01

Clostridium colinum 0.001 0.002 0 --- < 0.01 < 0.01

Lactobacillus ingluviei 0.004 0.006 0.001 0.003 < 0.01 0.01

Lactobacillus oris 0 --- 0.001 0.004 0.01 0.03

P- value for Kruskal-Wallis non-parametric test.
FDR: false discovery rate (adjusted P-value)

CO S s tu d y : b a cte r ia l a b u n d a n ce  r e su lt s  (2 2  d )
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Presenter Notes
Presentation Notes
We also evaluated the abundance of bacterial groups present in the caeca content of broilers at 22 d of age.  Here we have the results of bacterial groups in the birds fed with a Negative Control diet or with Chitosan Oligosaccharide 95 kDa (regardless of the inclusion doses).COS could reduce the abundance of some undesirable bacteria that are related to enteric disturbances. 



Genus
Positive Control COS 95 kDa

P-value FDRAvg relative 
abundance SD Avg relative 

abundance SD

Ruminococcus 0.001 0.002 0.0002 0.0005 < 0.01 0.01
Faecalibacterium 0.074 0.086 0.185 0.146 < 0.01 0.01

Species
Anaerotignum
lactatifermentans 0 - 0.001 0.004 < 0.01 < 0.01

Lactobacillus oris 0 - 0.001 0.002 < 0.01 < 0.01
Lactobacillus ingluviei 0 - 0.001 0.003 < 0.01 < 0.01
Eubacterium sp 0.003 0.004 0.007 0.006 0.02 0.04
Lactobacillus crispatus 0.259 0.197 0.115 0.100 0.02 0.04

P- value for Kruskal-Wallis non-parametric test.
FDR: false discovery rate (adjusted P-value)

CO S s tu d y : b a cte r ia l a b u n d a n ce  r e su lt s  (2 2  d )

COS supplementation increased the Lactobacillus counts in:

• In-vitro experiments (Lee et al., 2002)
• Broiler chickens (Li et al., 2007) 
• Weaned pigs (Liu et al., 2008; Yang et al., 2012)
• Humans (Simunek et al., 2012; Mateos-Aparicio et al., 2016)

21

Presenter Notes
Presentation Notes
A bacteria that ferments lactic acid and helps to keep the ideal pH in the gut environment These results are in agreement with other studies in which they found that COS supplementation increase Carbon source to bacteria that can digest the polymer,  producing SCFA as metabolite.



In te s t in a l m o r p h o lo g y  r e su lt s  (2 2  d )

ab b a ab

P < 0.01 

c

a

b b

NC = The highest cellular 
renovation demand

P < 0.01 

22

NC = Lower area of 
absorption

Villus height

Crypt depth

Presenter Notes
Presentation Notes
We also evaluated the intestinal morphology of the broilers at 22d – a period following the challenge application. This image is to illustrate our measurements. We measure the villus heigh – the higher the villi, the higher the surface area available for nutrient absorption. We also measure the crypt depth – crypts are responsible for cell turnover and proliferation – if we have deep crypts, it means a higher tissue regeneration demand.



In te s t in a l m o r p h o lo g y  r e su lt s  (2 2  d )

23

Villus height

Crypt depth

Villus : crypt 
P < 0.01 

a

d

b
c

NC = Impaired normal 
functionality

Number of 
Eimeria oocysts

b

a

b b

P < 0.01 

NC = The most vulnerable 
to Eimeria infection

COS = Prevented Eimeria 
infection

Presenter Notes
Presentation Notes
NC = had some disturbance in the normal functionality 



Treatment
COS 
g/kg

Concentration (pg/mL)

IFNα IFNγ IL-2 IL-10 IL-16 M-CSF MIP-1β MIP-3α RANTES VEGF

Positive Control 0 1.53b 44.94 89.15 70.55 51.80b 685.71 10.41 57.30b 2.05 1.52

Negative control 0 6.81a 65.31 59.60 23.15 64.17ab 762.65 14.57 96.02a 8.08 0.43

COS 95 kDa 0.2 4.24ab 49.11 47.67 43.00 84.79a 744.00 14.49 99.82a 6.20 1.31

COS 95 kDa 5.0 1.83ab 40.14 87.60 18.58 61.30ab 566.48 12.52 68.67ab 2.37 0.58

SEM 0.75 3.86 9.76 15.1 3.69 46.6 0.73 6.42 1.19 0.41

P-value 0.03 0.10 0.44 0.28 <0.01 0.46 0.14 0.05 0.20 0.74

IFNα (interferon alpha), IFNγ (interferon gamma), IL-2 (interleukin 2), IL-10 (interleukin 10), IL-16 (interleukin 16), M-CSF (macrophage colony-stimulating factor), MIP-1β (macrophage 
inflammatory protein-1 beta), MIP-3α (macrophage inflammatory protein-3 alpha), RANTES (regulated on activation, normal T cell expressed and secreted), VEGF (vascular endothelial 
growth factor).

24

Im m u n e  b io m a r k e r s  in  th e  se r u m  (2 2  d )

Presenter Notes
Presentation Notes
At 22 d of age, we also collected blood samples to measure some immune biomarkers in the serum. These biomarkers are small proteins associated with pro-inflammatory responses, anti-inflammatory responses or both. I am going to focus only on the significant results we hadmacrophage inflammatory protein-3 alphaThe pro-inflammatory response is not always a bad thing – as long it helps in the rapid transition from innate to adaptive immunity and solve the inflammation restoring homeostasis – in this case it is desirable, and it seems that it was the case here – when we combine these results with the performance and intestinal morphology results 



Treatment
COS 
g/kg

Concentration (pg/mL)

IFNα IFNγ IL-2 IL-10 IL-16 M-CSF MIP-1β MIP-3α RANTES VEGF

Positive Control 0 1.53b 44.94 89.15 70.55 51.80b 685.71 10.41 57.30b 2.05 1.52

Negative control 0 6.81a 65.31 59.60 23.15 64.17ab 762.65 14.57 96.02a 8.08 0.43

COS 95 kDa 0.2 4.24ab 49.11 47.67 43.00 84.79a 744.00 14.49 99.82a 6.20 1.31

COS 95 kDa 5.0 1.83ab 40.14 87.60 18.58 61.30ab 566.48 12.52 68.67ab 2.37 0.58

SEM 0.75 3.86 9.76 15.1 3.69 46.6 0.73 6.42 1.19 0.41

P-value 0.03 0.10 0.44 0.28 <0.01 0.46 0.14 0.05 0.20 0.74

IFNα (interferon alpha), IFNγ (interferon gamma), IL-2 (interleukin 2), IL-10 (interleukin 10), IL-16 (interleukin 16), M-CSF (macrophage colony-stimulating factor), MIP-1β (macrophage 
inflammatory protein-1 beta), MIP-3α (macrophage inflammatory protein-3 alpha), RANTES (regulated on activation, normal T cell expressed and secreted), VEGF (vascular endothelial 
growth factor).

• Stimulating pro-inflammatory responses is not always a bad 
thing!

• Taking into consideration the entire context, COS may have 
stimulated a vigorous immune response in order to reestablish 
homeostasis. 

Pro/anti-inflammatory Pro-inflammatory Pro-inflammatory 

Im m u n e  b io m a r k e r s  in  th e  se r u m  (2 2  d )
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Presenter Notes
Presentation Notes
Overall, we can observe that the negate control and COS, especially the one included at 0.2 g/kg increased the concentrations of interferon alfa, interleukin 16 and macrophage inflammatory protein-3 alpha – which means that COS stimulated a pro-inflammatory response at the serum level. However, Stimulating pro-inflammatory responses is not always a bad thing!If we look at the entire context, COS 95 products tended to enhance performance, increase beneficial bacteria in the ceca and also improve gut morphology integrity following the challenge; thus, it is possible that COS stimulated a vigorous immune response in order to reestablish homeostasis in broilers.



W h a t  w e  h a v e  co n clu d e d  so  fa r …

COS 95 kDa stimulated a vigorous immune response, which may 
help to accelerate homeostasis restoration.

COS 95 kDa were able to mitigate the challenge effects and keep 
the intestinal morphology integrity at the same level as the AGP.

COS 95 kDa may be part of a strategy to replace in-feed AGP in 
broilers; however, further mechanistic studies are required.

COS 95 kDa tended to enhance performance and increased the 
abundance of beneficial bacteria in the ceca compared to NC birds.

26

Presenter Notes
Presentation Notes
Although we observed some promising results, we still don't know in detail why COS 95 kDa in specific had this potential and how was the mechanism involved in keep performance and mitigate the enteric disease in broilers. (was it a prebiotic function? Or immune stimulation, or a combination of both? )Well…We will need to further investigate that before making conclusions about the product use in the industry.



• An unusual long chain polyunsaturated fatty acid (18:3; n-5).

Pu n icic a cid  a s  a  p o te n t ia l AGP r e p la ce m e n t

(Aruna et al., 2016; Shabbir et al., 2017; Holic et al., 2018)

COS
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• Pomegranate seed oil is the most abundant natural source of 

punicic acid (about 50 to 80%).

• It has gained wide attention for its range of beneficial 

bioactivities, including anti-diabetes, anti-obesity, antioxidant, 

and anti-inflammatory properties. 

C18:3-9 cis, 11 trans, 13 cis

Pomegranate

Pomegranate seed oil

Punicic acid

Presenter Notes
Presentation Notes
So, now… moving to second product we have evaluated that was the punicic acid. To the best of our knowledge, no study had evaluated the effects of PA for this purpose in broilers.



Tre a t m e n t s
Pu n icic a cid  
In clu s ion  (%)

Pos it ive  Con t ro l (PC) 0

Ne ga t ive  Con t ro l (NC) 0

NC + Pu n icic a cid 0.1%

NC + Pu n icic a cid 0.25%

NC + Pu n icic a cid 0.5%

NC + Pu n icic a cid 1%

NC + Pu n icic a cid 1.5%

NC + Pu n icic a cid 2%

Canola oil

Pomegranate seed oil

NC + Pomegranate 
oil added to a final 
PA concentration of 
0,1; 0.25; 0.5; 1; 1.5 
and 2% of the feed

Pu n icic a cid  a s  a  p o te n t ia l AGP r e p la ce m e n t
• Objective: Evaluate the effects of pomegranate seed oil, high in punicic acid, as a 

potential AGP replacer on performance and necrotic enteritis lesion scores in 
broiler subjected to subclinical necrotic enteritis challenge.
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Presenter Notes
Presentation Notes
We supplemented pomegranate seed oil to achieve these final concentrations of punicic acid in the diet –Canola oil was used to equalize the diets to ensure that they had the same oil content.



• Use of predisposing factors that stimulate intestinal dysbiosis:

       - 15x coccidiosis vaccine by gavage at 12 d

       - 24-hour feed removal at 18 d

• Natural infection with C. perfringens present in the barn environment.

Na tu r a l su b clin ica l NE in fe ct io n  m o d e l

15x Coccidiosis vaccine by gavage at 12 d Bloody feces observed at 18 d Intestinal lesions observed at 22 d

(He et al., 2022) 29

Presenter Notes
Presentation Notes
To test the efficacy of punicic acid in preventing NE in broilers – we applied the same natural subclinical NE infection model used in the previous study.  Using coccidiosis and feed restriction as rick factors for NE induction. 



• Grower phase (period of the challenge application)
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Pu n icic a cid  s tu d y : Pe r fo r m a n ce  a n d  NE le s io n s  r e su lt s

Score 0 Score 1

Score 2 Score 2

Score 3 Score 3

Score 4 Score 4
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Presentation Notes
And what we found as results. Starting with the performance results following the challenge application



Bakery yeast enriched with punicic acid is being developed at U of 
A as a new source of punicic acid to be tested in broiler diets as a 
potential AGP replacement in the control of NE.

Punicic acid (provided through pomegranate seed oil) did not 
maintain performance or protect the gut health of broilers 
challenged with subclinical NE. 

Reductions in feed intake associated with the pomegranate seed 
oil properties were likely the main responsible for these results.

W h a t  w e  h a v e  co n clu d e d  so  fa r …
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Presenter Notes
Presentation Notes
Although we did not investigate the reasons further, we believe that it may be related to high susceptibility that the PSO had for oxidation, or it is also possible that components in the oil had affected the fat metabolism and hormones that regulate the satiety in birds (such as the leptin). 



• Glucosamine is an amino sugar commonly used to 

prevent or relieve osteoarthritis and articular joint disease. 

Glu co sa m in e  ca r a m e ls  a s  p o te n t ia l AGP r e p la ce m e n t

(Aruna et al., 2016; Shabbir et al., 2017; Holic et al., 2018)

COS
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• It can exert anti-inflammatory properties and prevent 

cartilage degradation.

• Under mild temperatures, glucosamine can self-

condensate and generate new compounds with stronger 

anti-inflammatory properties and prebiotic functions. 

Glucosamine + heat

Glucosamine caramel 
produced at 90 °C

Glucosamine caramel 
produced at 50 °C

Presenter Notes
Presentation Notes
The third and last product studied was the glucosamine-derived caramels. Here in the images, we have the two types of glucosamine caramels produced for our study. This first one we called “light caramel,” and it was produced at 50 °C to concentrated more compounds with anti-inflammatory properties, while the other one called “brown caramel,” was produced at 90°C  and was more concentrated in prebiotics. 



Glu co sa m in e  s tu d y : Pr o b le m  ch a r a cte r iza t io n  

COS
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Glucosamine caramel 

produced at 90 °C

(Wideman, 2015)

Rapid growth, high densities and low activity

• Stress on immature cartilage. 

• Microtraumas in the cartilage 

(microfracturing and cleft formation).

VS.

Presenter Notes
Presentation Notes
For this study, we used a little different approach. We were interested in bone health and its relationship with gut health in broilers. But how does this relationship work? Well.. I’ll briefly explain it before we talk about the study. The rapid growth, high body weight, and low activity in modern broilers can induce excessive torque and shear stress on immature bone cartilages. So, the broilers are still in development and maturation and same for their bones, and they are putting a lot of weight on immature cartilages. This stress, in turn, can result in microfractures and clefts in the cartilage of susceptible bone growth plates.Then, when the animal is experiencing stress or any other condition that can affect their gut homeostasis – it can cause leak gut (gaps in btw the intestinal cells) This allows opportunistic bacteria to enter the blood via translocation from the lumen, and they spread via the blood to these vulnerable sites, which are ideal niches for bacterial colonization (plenty of substrates and limited access for the immune system). So, the overgrowth and release of toxins by these bacteria cause the necrosis of the bone inside out – causing lameness in broilers – that is also known as bacterial chondronecrosis with osteomyelitis. All this can be a consequence of intestinal disturbances. Highlighting again the importance of gut health in broiler production



Glu co sa m in e -d e r iv e d  ca r a m e ls  s tu d y

Tre a t m e n t s Le ve ls  o f in clu s ion  in  t h e  d ie t

Com m e rcia l-t yp e  d ie t  (Con t ro l) 0

Con t ro l + glu cosa m in e  (GlcN) 0.24%

Brow n  Ca ra m e l p rod u ce d  a t  90°C 
(BC)

0.08, 0.16 a n d  0.24%

BC + Ca ra m e lize d  fru ct ose  (BC+F) 0.08, 0.16 a n d  0.24%

Ligh t  Ca ra m e l p rod u ce d  a t  50°C 
(LC)

0.08, 0.16 a n d  0.24%

LC + Ca ra m e lize d  fru ct ose  (LC+F) 0.08, 0.16 a n d  0.24%

• Objective: Evaluate the potential of glucosamine-derived caramels to prevent 
tibial and femoral lesions caused by bacterial translocation from the lumen to the 
joints. 
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Presentation Notes
Therefore, the objective of this experiment was…For this study we had a total of 14 treatments: A Control (commercial type diet); Control + native glucosamine included at 0.24% and 4 glucosamine-derived caramel products: Brow caramel produced at 90c – combined or not with fructose caramel, and light caramel (produced at 50 C) combine or not with fructose – they were included at 0.08, 0.16 and 0.24% of the diet.



Treatment Inclusion
(%)

BW 
at 38 d(g)

BWG (0-38 d)
day/bird (g)

FI (0-38 d)
day/bird (g)

FCR (0-38 d)  
(g/g)

Control Diet 0 1910.30abcd 45.67abcd 71.53 1.569
Control+GlcN 0.24 1981.50ab 47.40ab 70.54 1.493
Brown caramel 0.08 1976.30abc 47.27abc 72.47 1.531

0.16 1823.00cd 43.55cd 69.43 1.601
0.24 1996.10ab 47.77ab 71.45 1.495

BC + Fructose 0.08 1913.50abcd 45.76abcd 70.89 1.554
0.16 1823.10cd 43.54cd 66.75 1.539
0.24 1985.00ab 47.48ab 72.64 1.531

LC + Fructose 0.08 1797.30d 42.91d 65.51 1.528
0.16 1961.00abc 46.89abc 71.42 1.525
0.24 1938.60abcd 46.33abcd 71.90 1.555

Light Caramel 0.08 1885.10bcd 45.06bcd 70.21 1.559
0.16 2043.50a 48.91a 74.45 1.523
0.24 2006.70ab 48.00ab 73.60 1.534

SEM 55.20 1.34 2.28 0.03
P-value 0.04 0.04 0.34 0.90

+133.2 g 
heavier than 
the Control 

Glu co sa m in e -d e r iv e d  ca r a m e ls  s tu d y : Pe r fo r m a n ce  r e su lt s

In a pairwise comparison 

with the Control, Light 

Caramel included at 0.16% 

tended to increase the BW 

and BWG of broilers from 0 to 

38 d (P = 0.08).
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Presentation Notes
Here we have the performance results from the entire experimental period (from 0 to 38 d); however, similar effects were also observed in the starter and grower periods.
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Treatments
Dietary 

inclusion (%)
Femoral lesion scores Tibial lesion scores

12 d 27 d 40 d 12 d 27 d 40 d
Control Diet --- 1.00 1.00 1.62ab 2.50 2.50 4.25
Control+GlcN 0.24 1.75 1.25 1.37ab 2.62 3.00 3.50
Brown caramel 0.08 1.00 1.37 1.62ab 2.37 3.12 2.87

0.16 1.00 1.37 2.25ab 1.75 3.00 3.37
0.24 1.00 1.00 2.37a 3.00 3.00 3.25

BC + Fructose 0.08 1.00 1.12 2.00ab 1.87 3.00 3.00
0.16 1.00 1.00 1.87ab 2.12 2.87 3.37
0.24 1.00 1.00 2.37a 2.25 2.75 3.37

LC + Fructose 0.08 1.00 1.00 1.00b 3.00 2.75 3.37
0.16 1.00 1.25 1.62ab 2.25 2.87 3.12
0.24 1.00 1.12 2.37a 1.87 3.50 3.75

Light caramel 0.08 1.00 1.12 1.00b 2.12 3.12 3.62
0.16 1.00 1.00 1.50ab 2.00 2.25 3.50
0.24 1.00 1.12 1.37ab 2.37 2.62 3.00

SEM 0.05 0.04 0.09 0.12 0.10 0.11
P-value7 0.45 0.81 0.03 0.73 0.78 0.74

Glu co sa m in e -d e r iv e d  ca r a m e ls  s tu d y : Bo n e  le s io n  r e su lt s

Treatments with lower tibial 

lesions than the Control in a 

pairwise comparison (P= 0.02 

and 0.03, respectively).

Presenter Notes
Presentation Notes
Femoral and tibial lesions caused by bacterial translocation were assed at 3 different ages: at 12, 27 and 40 d of age. Femoral gross lesion scores were evaluated in scale from 1 to 8, where score 1 represented a health femur and 8 very severe and necrotic bacterial lesion.  Although mild, the lesion were more evident at 40d. A similar scale of scores was used to evaluate tibial gross lesions. In this case it ranged from 1 to 10. 



Light caramels (produced at 50°C) rich in anti-inflammatory 
compounds demonstrated the potential to improve broiler 
performance and ameliorate femoral and tibial lesions caused by 
translocated bacteria.

The next step will be the investigation of the caramels’ effects on 
gut health for a more accurate conclusion about the products.

Glucosamine-derived caramels produced at mild temperatures are 
safe to be used in broiler diets.

W h a t  w e  h a v e  co n clu d e d  so  fa r …
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Fu tu r e  p e r sp e ct iv e s  o n  NE co n t r o l

Due to the complexity and multifactorial aspects of the disease, we still 
have a lot to understand about its pathogenesis.

Consistent success in antibiotic-free production will depend on a 
combination of products with different mechanisms of action, plus 
effective management and biosafety practices.

“No size fits all.” Each farm and flock are different. We need to investigate 
each case and develop customized solutions. 

Ally science and technology - Use of technologies and AI to help us make 
early decisions on farms.
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Presentation Notes
Some take-home messages about controlling necrotic enteritis in broilers:…- So, it is difficult to find effective solutions to control NE if we still do not fully understand the disease. I strongly believe that producers will soon have access to apps that give them real-time access to in-depth analysis of big data to make informed decisions on farms. In the case of gut health, for example, we have some intestinal biomarkers that can be measured in non-invasive ways. So, the producer could collect some feces around the barn, but in some machine that will tell them about the gut health condition of their flock. This will be a revolutionary way to control/prevent NE, and I think it can be real in the near future. 



Th a n k  y o u !

Q u e st io n s?

Presenter Notes
Presentation Notes
With that, I conclude my presentation, and I am available for questions.
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