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Presentation overview 

• What is the role of phytonutrients in the diet? 
• Background and history 

• Humans & animals 

• How has the science evolved since the first applications in animal 
production? 
• Insights and shifts from first to second generation paradigms 

• Current challenges limiting progress 

• Next generation phytonutrients: a new paradigm for the future 



~400 B.C. 

Old news… 

Harvard Women’s Health Watch; June 2018 



“Traditional medicine refers to the knowledge, skills and practises based 
on the theories, beliefs and experiences indigenous to different cultures, 
used in the maintenance of health and in the prevention, diagnosis, 
improvement or treatment of physical and mental illness. 
 
...often termed alternative or complementary medicine in many 
countries… 
… used a form as primary health care for 70% to 80% of the world.” 

who.int 

Pan et al., 2014.  



ncbi.nlm.nih.gov 



who.int 

“Traditional medicine can be used as an input to "modern" pharmaceutical research, 
but also as source of effective treatments in its own right...  
…consider ways in which the potential of traditional medicine for providing affordable 
treatments could be better realised.” 





Replace Antibiotic Growth Promoters 
Enhance rumen fermentation 

Natural therapeutics 

Animal performance 
trials … 

Most of the industry today still works under this paradigm.   



? 

Phytonutrients have natural antimicrobial 
properties & they improve animal 
performance. 

Phytonutrients are good because they kill bacteria 

Phytonutrients that do not kill bacteria are not of 
interest 

Phytonutrients kill bacteria, so they can be used as 
therapeutics 

Phytonutrients kill bacteria, so they could 
contribute to antibiotic resistance 

Ground-breaking, 
misunderstood 

technology 
Unhappy customers 



>10 ppm 200 ppm 400 ppm >800 ppm 

PERFORMANCE ENHANCING 
EFFECTS 

BACTERIAL KILLING 
EFFECTS 

PHYTONUTRIENT CONCENTRATION 

Compiled from publications found on https://www.ncbi.nlm.nih.gov/  

What can explain the performance response? 

It must be due to effects on gut microbes! 

Same explanation used for antibiotic growth promoters… 



Yang et al., 2017 Cell Host & Microbe. 



Eugenol (3 ppm) improves intestinal structure 

Wlodarska et al., 2015 Sci. Rep. 



Wlodarska et al., 2015 Sci. Rep. 

Eugenol (3 ppm) prevents adhesion of bacteria in the colon… …but does not kill the bacteria. 



It’s not the bugs, it’s 
the Hosts!!! 



NE = nectrotic enteritis challenge; CT = capsicum & turmeric oleoresins (4 ppm); Lee et al., 2013 Brit. J. Nut. 
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CT = capsicum & turmeric oleoresins (4 ppm); Lee et al., 2011 Vet Parasitol.   

Increased vaccination response 
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Altered immune gene expression in 
the intestine 
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“These results provide new information concerning the molecular 
mechanisms involved in dietary modulation of host immunity, physiology, 
and metabolism.  
 

Future studies based on these results will contribute to comprehensive 
understanding of the molecular mechanism of phytonutrients in the 
chicken digestive tract and will facilitate the development of novel dietary 
strategies to immunomodulate host response in normal and disease 
states.”  
Kim et al., 2010. Poultry Sci. 

Kim et al., 2010; Lee et al., 2010; Lee et al., 2011a; Lee et al., 2011b; Lillehoj et al., 2011; Kim et al., 2013a; Kim et al., 2013b; Kim et al., 2013c; 
Lee et al., 2013a; Lee et al., 2013b; Kim et al., 2015; Oh et al., 2018; Pirgozliev et al., 2019  





Slide courtesy of D. Bravo 
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DECREASED 
INFLAMMATION 

INCREASED 
ABSORPTION 

IMPROVED 
PERFORMANCE 

Loose mucus layer 



Transient receptor potential (TRP)A1 is expressed in 
enteroendocrine cells of the duodenum 

Cho et al., 2014. Cell Tissue Res. 

Co-expression with CCK: possible mechanism for digestive effects of cinnamon and garlic? 



Cinnamaldehyde increases nutrient flux in the duodenum via 
TRPA1 

Fothergill et al., 2016. Nutrients. 
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Oh et al., 2017a; Oh et al., 2017b J. Dairy Sci. 
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Oh et al., 2019 American Dairy Science Association Annual Mtg. 



Improved gut health 

Improved antioxidant status 

Enhanced immunity 

Resistance to disease 

Improved digestibility & metabolism 

Improved economic growth efficiency 

Molecular detectors in the gut Physiological reactions 

Most of the Scientific community today works under this paradigm.   



Ground-breaking, 
misunderstood 

technology 

? 



ANIMAL NUTRITION 

We need 
insights!! 

MEDICINE 

We have 
some!! 







Complex solutions 

Integrating next-
generation 

phytonutrients with 
animal feeding, 

nutrition, and 
management 

Complex challenges 

+probiotics 

+prebiotics 

+vaccines 

+optimized management 

+technologies 

+… 

Let’s move together towards this paradigm!   

+enzymes 




