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The World needs to 
Are we ready for Are we ready for 

The World needs to 
double the meat  

production in the next 

9 billion ???9 billion ???
production in the next 

50 years



What are the challenges?What are the challenges?What are the challenges?What are the challenges?
Ch g  i  th  ld Ch g  i  th  ld • Changes in the world economy
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• Food security: Food chain safety and traceability
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• Effective nutrient  utilization

• EU ban on AGPs

• Effective nutrient  utilizationEffective nutrient  utilizationEffective nutrient  utilization



The future and the deficit:  The future and the deficit:  
A CRISIS in the making A CRISIS in the making gg
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Small changes in food production Small changes in food production Small changes in food production 
efficiencies will not be sufficient
Small changes in food production 
efficiencies will not be sufficient

• It is time to make quantum leaps• It is time to make quantum leapsq p
– Time to identify new resources
– Time to develop new production 

q p
– Time to identify new resources
– Time to develop new production p p

technology
• New tools and more efficient systems
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p p
technology

• New tools and more efficient systems
Ti f d ti h i t• Time for dramatic changes in management 
styles

– Time to redefine nutritional 

• Time for dramatic changes in management 
styles

– Time to redefine nutritional 
strategiesstrategies



The new tool: The new tool: The new tool: 
Nutrigenomics
The new tool: 
NutrigenomicsNutrigenomicsNutrigenomics

What canWhat canWhat can 
molecular tools tell 

What can 
molecular tools tell 
us about nutritional 

programming
us about nutritional 

programmingprogramming 
strategies?

programming 
strategies?



Nutrigenomics opens the 
gateway to a new paradigmgateway to a new paradigm

• How diet influences gene transcription, 
protein expression and metabolism.

• Seeks to provide a molecular 
understanding for how common dietary 
chemicals affect health by altering 

igene expression
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Bioactive food components can influence gene 
expression and ultimately cellular function

Bioactive food components can influence gene 
expression and ultimately cellular functionexpression and ultimately cellular functionexpression and ultimately cellular function

Trujillo et al., 2006



How can we bestHow can we best 
assess the effect 
of nutrition?



Traditional trial approachTraditional trial approachpppp
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Ultimately genes control biological functionUltimately genes control biological function

Altered Gene Expression = Altered Biological Function



Potential issuesPotential issues
• Incomplete annotated genome sequences• Incomplete annotated genome sequences
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• Incomplete annotated genome sequences 

• Gene transcription is only one step in the regulatory

• Incomplete annotated genome sequences 

• Gene transcription is only one step in the regulatory• Gene transcription is only one step in the regulatory 
pathway 
• Gene transcription is only one step in the regulatory 
pathway 

• Not always possible to correlate changes in mRNA 
l l ith h t i t i h
• Not always possible to correlate changes in mRNA 
l l ith h t i t i hlevels with phenotypic or protein changeslevels with phenotypic or protein changes

• Transcriptomics still represents a major tool to 
elucidate key processes in metabolic regulation 
• Transcriptomics still represents a major tool to 
elucidate key processes in metabolic regulation 



Looking at practical g p
examples –

What can you learn?
Diff t ti d diff tl t th• Different tissues respond differently to the 
same nutrient

• Different forms of the same nutrient 
differently alter gene expression patterns

• Biomarkers relating gene expression to 
nutrition induced changes in physiologynutrition induced changes in physiology



Gene expression in 
intestinal tissue

887313 104

• 1,304 transcripts were significantly 
affected by at least one selenium Sel-Plex

Sodium
seleniteaffected by at least one selenium 

treatment in intestine (P ≤ 0.05)
• Sel-Plex supplementation strategy 

altered 68%
• Sodium selenite group altered 24%  
• Only (8%) were altered in the same way• Only (8%) were altered in the same way 

by both selenium supplementation 
strategies



Gene expression in 
uterine tissue

9702910 1225

• 5,105 transcripts were significantly 
affected by at least one selenium

Sodium
selenite Sel-Plex

affected by at least one selenium 
treatment in oviduct (P ≤ 0.01)

• 57% were influenced by sodium 
l it l t tiselenite supplementation 

• 19% influenced by Sel-Plex
supplementation (19%)pp ( %)

• Both sodium selenite and Sel-Plex had 
similar effects on 24% of these genes.



ObservationsObservations

Nutrient type dictated which 
genes were altered 

Different tissues were altered in 
different ways with the same 
supplementation strategysupplementation strategy



Looking at practical g p
examples –

What can you learn?
Diff t ti d diff tl t th• Different tissues respond differently to the 
same nutrient

• Different forms of the same nutrient 
differently alter gene expression patterns

• Biomarkers relating gene expression to 
nutrition induced changes in physiologynutrition induced changes in physiology



Cross-tissue analysis: GADD45βCross tissue analysis: GADD45β

•GADD45β expression significantly decreased across all•GADD45β expression significantly decreased across all 
tissues tested by Sel-Plex® only
•Indicates lower endogenous oxidative stress and DNA•Indicates lower endogenous oxidative stress and DNA 
damage throughout the entire animal



GADD45β: From youth to old ageGADD45β: From youth to old age
F ld h d t B i tFold change data: Brain cortex

Young Middle-aged Old
SM SS SP

-1.22 1.01 -1.48
M 3 th

SM SS SP
-1.10 -1.44 -1.53

M 15 th

SM SS SP
-1.18 -1.10 -1.42

M 25 thMouse age: 3 months

Human equivalent: <10 years

Mouse age: 15 months

Human equivalent: 45 years

Mouse age: 25 months

Human equivalent: 75 years

• GADD45β expression 
significantly decreased acrosssignificantly decreased across 
all age groups by Sel-Plex®

only



Ph i l tPhysical measurement
of GADD45 and 
DNA damage

(Barger et al., 2009)



Effect of selenium supplementation on the 
number of differentially-expressed genes in four 
i  f itissues of mice (Barger et al., 2009)

Selenomethionine 
can only elicit a 
fraction of the 

l i i t d selenium-associated 
gene responses

Forms of selenium



Free L-selenomethionine induces the p53 tumor suppressor 
gene in intestine. Genotoxicity? (Barger et al., 2009)

•Not all selenium 
sources are the same

•Care must be taken 
in selecting the formin selecting the form 
of specific nutrients

Forms of selenium



A ti id t S tAntioxidant Systems
“The cooperative interaction between 

antioxidants in the cell is vital for 
maximum protection from the 

deleterious effects of free radicals”deleterious effects of free radicals
(Surai, 2001)



The challenge: measuring 

A i id i d f i l h

antioxidant effects
• Antioxidants are required for optimal growth, 

immunity, and reproduction

Hi t i ll dd d it i E t 5 t 10 ti NRC• Historically added vitamin E at 5 to 10 times NRC 
requirements to meet a perceived need to maintain 
product qualityproduct quality

• Alternative approaches have been proposed, but 
have been difficult to evaluatehave been difficult to evaluate

• Gene expression to evaluate alternative strategies



Hierarchy clustering of regulated intestinal genes 
in diets containing two levels of vitamin E and 

E E

G i l d d

EconomasE

Genes included were 
significantly changed by 
EcoE and E100 (134 
transcripts in total)transcripts in total). 

Expression level 
represented as higherrepresented as higher 
(Red) or lower (Blue) than 
normalized median value 
of the correspondingof the corresponding 
genes.
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Genes changed unidirectionally Genes changed unidirectionally 
by EconomasE and Vitamin E

* Genes included are those changed by both EcoE and E100



Effects of Vitamin E and EconomasE on 
expression of sterol carrier protein 2: Controlling

rtPCR  Relative quantification of SCP 

expression of sterol carrier protein 2: Controlling 
tissue peroxidative stress and meat quality
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Effects of EconomasE on gene expression 
f t i i t d t lof proteins associated meat color
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E E d Vi i E®EconomasE and Vitamin E®

affect gene expressiong p

®• Influence of EconomasE® and vitamin E on 
gene expression is at the transcriptomic level

• Vitamin E and EconomasE® exert similar 
influences on gene expressiong p

Adapted from Brennan et al., 2010; Xiao et al., 2010



IndividualIndividual 
compounds will p

give a unique 
igene expression 

fingerprintfingerprint



The revolution:The revolution:
Lessons learned from 

Nutrigenomics work with 
Lessons learned from 

Nutrigenomics work with Nutrigenomics work with 
minerals and antioxidants  
Nutrigenomics work with 

minerals and antioxidants  

Simple changes in nutritional Simple changes in nutritional p g

and supplementation 

p g

and supplementation 

strategies can have dramatic 

ff t bi l i l

strategies can have dramatic 

ff t bi l i leffects on biological 

functions

effects on biological 

functions



Strategic nutritional 
programming to improve 

Strategic nutritional 
programming to improve programming to improve 

the quality of beef 
programming to improve 

the quality of beef 

• Meat at the butcher• Meat at the butcher

– Lower pH
– Lighter Color
– Lower pH
– Lighter Colorg te Co o
– Improved mineral status
– Greater moisture content

g te Co o
– Improved mineral status
– Greater moisture content



Programming for improving Programming for improving 
performance of feedlot beefperformance of feedlot beef

Bonus:
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Where can the nutritional Where can the nutritional 
programming approach leading us?programming approach leading us?

• Strategic use of nutrients• Strategic use of nutrients

• Developing programs to 
take advantage of our new

• Developing programs to 
take advantage of our newtake advantage of our new 
understanding of 
ph siological reg lation

take advantage of our new 
understanding of 
ph siological reg lationphysiological regulationphysiological regulation

We have never had theWe have never had the 
tools to evaluate these 
approaches in the pastapproaches in the past



The Key Points:The Key Points:
Rapid and effective evaluation of nutritional strategies is 

becoming a reality through molecular based technologiesbecoming a reality through molecular based technologies

Thousands of data observations generated per g p
experiment

Provides a valuable and novel approach for improving 
the efficiency of animal production

Programming strategies can be used to enhance 
f h lth d d t litperformance, health and product quality

It is the strategy that will drive advances in nutritionalIt is the strategy that will drive advances in nutritional 
efficiency and not individual ingredients or supplements



N t i iNutrigenomics

Provides a molecular 
understanding for how commonunderstanding for how common 
dietary chemicals (i.e., nutrition) 
affect health and performance byaffect health and performance by 
altering the gene expression 
patterns

It will be used to

p

It will be used to 
Redefine NutritionRedefine Nutrition
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