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Presentation outline

� Beef Production in Ireland

� Background to NFI

� Experimental Work to-date

� Planned Work







Irish GHG situation 
� Agriculture accounts for 27% of total GHG

� Obliged to limit GHG emissions to 13% above 1990 

levels between 2008 and 2012

� Enteric fermentation from ruminants accounted for 

13.5% of GHG emissions in 2004 (EPA, 2006), or > 53% 

of Irish agricultural emissions

� In the absence of implementation of mitigation strategies 

meeting our GHG target equivalent to a 10% reduction in 

national herd



NFI/RFI
� Feed costs in ~70% of total variable costs in beef production

� An increase in feed efficiency can have up to 8 times the 
economic impact as a similar increase in weight gain of cattle.

� Traditional measures of feed efficiency (FCR, FCE) correlated 
with growth rate and mature size, and thus maintenance 
requirements

� Shift in focus is recent times to concept net feed intake (NFI) or 
residual feed intake (RFI).

� NFI is the quantity of feed eaten by an animal, below or above 
that expected for its bodyweight and gain.

� Moderately heritable (0.16 to 0.46) and genetically independent 
of growth and mature size.



Measurement

� Minimum 70-d test period

� Direct selection for feed efficiency is limited 
because of time labour and cost involved.

� Critical that more easily measured 
metabolic/genomic indicators established

� Identify efficient animals early in life, thus 
increasing the intensity of selection, reducing 
the cost and shortening the generation 
interval.



Herd and Arthur, 2008

Sources of variation in NFI



Overall Objectives
� Generation of EBVs for NFI 

� Examine relationship of behavioural, physiological, metabolic 
and genomic variables to energetic efficiency

� Establish the relationship between NFI and ruminal methane 
emissions

� Calculate repeatability estimates for energetic efficiency 
between the yearling and finishing stages of the animals life 
and also different diet type.

� Examine effect on maternal traits following divergent selection 
on NFI



Phenotypic and genetic parameters 
for different measures of feed 

efficiency across five breeds of 
performance tested beef bulls.



Materials and methods

� Pedigree performance tested beef bulls 
(n=2,605)

� AA, CH, LM, HF, SIM

� Ad libitumconcentrate diet

� Feed intake, performance and pedigree 
information



Main Results

� Heritability for NFI = 0.46 ± 0.06
� Mean DMI = 10.71 kg, ADG = 1.65 kg
� LM most feed efficient breed
� NFI genetically (0.48) and phenotypically

(0.41) correlated to FCR
� Not correlated with ADG or BWT



Examination of the relationship between NFI 
and feeding behaviour, blood analytes, 
ultrasonic muscle and fat and body size 

measures in beef heifers 



Methodology

� EBVs for residual feed intake were 
calculated for 1000 Limousin sires

� 100 female calves were purchased
� Born to Holstein Friesian dams and sired by 
Pedigree Limousin bulls with either high EBV 

(n=50 calves) or low EBV (n=50 calves) 

� Calves were reared at UCD Lyons Research 
Farm under standard conditions.



Variables Measured at Calf Phase

� Feed intake and behaviour.

� Liveweight and linear measurement.

� Ultrasonic fat and muscle depth measurements

� Blood metabolic hormones and metabolites

� Feed efficiency retrospectively

� Analysis ongoing





Yearling Phase

� Animals allocated ad-libitum access to TMR 70:30 
concentrate to maize silage diet at 8 months of age.

� Daily DMI measured for 120 days.

� Performance, blood analytes, ultrasonic muscle and fat, 
skeletal measurements

� Retrospectively ranked on phenotypic NFI
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Feed Intake and Performance

0.9677.009311.970313.320314.438.097310.72Final BW, kg

0.8136.442191.970196.940194.436.852191.8Initial BW, kg

0.4080.0251.5371.4921.5190.1321.509ADG, kg/d

0.8981.24362.83663.52563.466.95562.808Metabolic BW, kg0.75

0.1470.0010.0250.0240.0240.0030.024Kleiber ratio

0.3620.0080.2620.2510.2600.0410.261Relative growth rate

<.00010.1726.1706.7467.3440.9906.74DMI, kg/d

<.00010.1044.0444.6124.8630.6484.479Feed conversion ratio, kg DM/kg gain

<.00010.047-0.6330.0000.5170.4750.000Residual feed intake, kg/d

P-valueSELowMediumHighSDMeanTraits

NFI group



Body composition

0.140.013.733.693.99Chest girth, mm d �1

0.920.011.601.541.59Length of back, mm d �1

0.290.070.880.991.04Pelvic width, mm d �1

0.760.061.021.071.04Depth of chest, mm d �1

0.210.261.121.161.70Height at withers, mm d �1

Linear measurements

0.880.010.200.200.21Muscle depth  thickness, mm d �1

0.090.0010.020.030.03Rump fat thickness, mm d �1

����0.0010.016b0.02b0.03aLumbar fat thickness, mm d �1

Utrasound measurements

P-valueSELowMediumHighTraits

NFI 



Plasma Analytes

0.070.070.070.100.080.070.07NEFA 

NS<.00010.010.04-2.68-2.71-2.72-2.300.05-2.51-2.67-2.63Loge NEFA

NS<.00010.010.010.510.470.460.370.010.410.460.49BHBBHBBHBBHB�

16.4816.9313.5812.3114.1615.2814.67Insulin  

NS<.00010.590.072.802.832.612.510.072.652.732.69Loge insulin

0.0031<.00010.696.75331.93306.8294.39200.088.11277.83283.39288.74IGF-1 

NS<.00010.450.105.835.385.034.300.135.045.245.12Urea, 

NS<.00010.750.085.045.175.204.970.105.135.055.09Glucose

RX TTimeNFI SE4321SELowMedHighTraits

P-ValTimeNFI group1



Feeding behaviour

0.03155.5152.22e55.68de63.85d16.4358.57
Feed bunk attendance, 

events/d

0.31193.64113.7121.32116.0820.02117.19Feeding duration, min/d

P-valueSEMLowMediumHighSDMeanTraits

NFI 



Finishing Phase 

� The highest and lowest quartiles selected on the basis of energetic 
efficiency.

� Feed intake measured on a daily basis for 120 days.

� Diet: TMR 70:30 conc to maize

� Similar variables measured as yearling phase

� Metabolomics analysis

� Repeatability estimates (intraclass correlation coefficient)



Associations between production traits at 
the growing (g) and finishing (f) phases

0.68***NFI f

0.38***FCRf

0.11ADG f

0.6***DMI f

NFI gFCRgADGgDMI g
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Mitochondria function and feed efficiencyMitochondria function and feed efficiency

� Mitochondria are responsible for producing 90% of cellular 
energy

� Accomplished through oxidative phosphorylation by the 
electron transport chain. 

� Mitochondrial function has been linked to feed efficiency in 
poultry and rodent studies

� Little published information in cattle.



ObjectiveObjective

To evaluate the relationship between selection based on 
phenotypic NFI and the level of transcription of 

(i) genes involved in the respiratory chain complex  

(ii) genes coding for transcriptional factors involved in 
mitochondrial biogenesis. 



Succinate Ubiquinol Atpase

Electron transport chainElectron transport chain

•• Principal enzymes ETC;Principal enzymes ETC;•• Electron carriers; Electron carriers; •• Transcription factors.Transcription factors.

NADH
COX II

PGC1PGC1--aaaaaaaa PPARPPAR--gggggggg PPARPPAR--aaaaaaaa NRFNRF--1  1  mtTFAmtTFA

?



Animal ModelAnimal Model

� �������
���� !�"#$���
��
���%
�
����
�
� ���&���
�
�'
������� (�������������������������������������������������� ������

)
��	� 
����(�����*(���������������������
Childs et al.,2007

P = 0.03

P = 0.50



MethodologyMethodology
�� Biopsies (Biopsies (M. M. longissimuslongissimusdorsidorsi))::

� Harvested at the end of the experimental period.

�� RNA isolation:RNA isolation:

�� Primers were designed amplify specific fragments:Primers were designed amplify specific fragments:
� five principal enzymes of the respiratory chain complex
� two electron carriers
� five transcription factors

� Analysis of putative reference or ‘housekeeping’ gene were carried out 
using geNorm software

� � -actin selected as sole reference gene

�� 22--DDDDDDDDDDDDDDDDCTCT method used to calculate changes in gene expressionmethod used to calculate changes in gene expression

� Mean differences between the groups was tested using ANOVA 
(PROC MIXED), and correlation methodologies (PROC CORR, SAS 
2006).



Succinate Ubiquinol Atpase

Electron transport chain

• Principal enzymes ETC;• Electron carriers; • Transcription factors.

NADH
COX II

PGC1-aaaa PPAR-gggg PPAR-aaaa NRF-1  mtTFA

?
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ATPase

� Located in the ETC (complex V).
� Tended to be up-regulated (p=0.08) in feed 

efficient animals.
� Fold change = 2.08.

� A critical regulator of the ATP-synthesizing 
enzyme complex



0

0.5

1

1.5

2

2.5

PGC1-a PPAR-�

High NFE

Low NFE

Gene Expression

**
***



PPAR � & g

� UP-regulated inefficient animals
� Fold change = 2.80.
� Regulate fatty acid storage and 

metabolism.
� Stimulate genes involved in lipid uptake 

and adipogenesis.



Adenine nucleotide translocase I 
pcgg (ANT-1)

� Forms a gated pore through which ADP and ATP 
is exchanged between the mitochondrial matrix 
and the cytoplasm. 

� Most dominant stimulator of mitochondrial protein 
transcription

� Up-regulated inefficient animals.
� Fold change = 2.80.



0.74**0.73**-0.110.64*PPAR-�

0.54*0.76**-0.330.54*PGC1-a

-0.45-0.03- 0.13-0.12Atpase

NFIFCRADGDMIGENE

Partial correlations of feed efficiency traits and differentially expressed genes 
(DEG) involved in mitochondria biogenesis 



Summary

� This study provides evidence of a relationship 
between mitochondrial biogenesis and feed 
efficiency in cattle.

� Further investigation is warranted to determine if 
these results can be exploited as potential 
molecular markers for energetic efficiency in 
cattle. 



Effect of diet type and NFI 
phenotype on feed intake, 
methane production and 
digestibility of beef heifers  



Animals and experimental diets

� Design 2 x 3 factorial
� Animals

� Low RFI, n=16, -0.70 kg/d
� High RFI, n=16, 0.65 kg/d

� 316 kg LW, ADG 1.5 kg/d

� Diets
� 1st harvest grass silage (GS)

� Grazing (May-June) (Grass)
� 30:70 maize silage:conc (TMR)



Methodology
� Intakes 

� Individually recorded: GS & TMR
� n-alkanes: Grass

� Digestibility 
� Acid insoluble ash: GS & TMR
� n-alkanes: Grass

� Methane
� SF6 technique for 5 d

� Fitted to model 
y = µ + RFI + Diet + (RFI x DIET) + error
using PROC MIXED of SAS



Adaptations of the SF6
technique
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Feed analysis

17.8 (0.07)18.3 (0.05)19.6 (0.09)GE MJ/kg DM 

n.d. n.d.3.9 (0.05)pH

33 (2.7)96 (3.2)10 (0.5)WSC g/kg DM

185 (8.0)206 (2.4)352 (7.6)ADF g/kg DM

419 (7.8)552 (6.9)661 (9.9)NDF g/kg DM

24 (0.5)16 (0.3)30 (0.3)EE g/kg DM

171 (3.2)160 (4.3)120 (3.6)CP g/kg DM

930 (1.0)932 (2.1)930 (1.8)OM g/kg DM

527 (30.0)218 (5.8)330 (17.7)DM g/kg

TMRGrass Grass silage



Effect of NFI phenotype on feed 
intake and methane emissions

0.0480.2155.41a6.02bCH4 % GEI 

0.2060.0621.681.79CH4 g/kg W0.75

0.0490.8120.1a22.4bCH4 g/kg DMI

0.1385.1146156CH4 g/d

0.0491.7486.3b81.4aDMI g/kg W0.75

0.6881.5286.387.3W0.75 kg

0.2040.2037.557.18DMI kg/d

P-valueS.E.M.HighLow

RFI



Effect of diet on intakes and 
methane production

<0.0010.2425.59a5.09a6.48bCH4 % GEI 

<0.0010.0642.11c1.39a1.70bCH4 g/kg W0.75

<0.0010.9019.9a18.6a25.4bCH4 g/kg DMI

<0.0015.4197c120a136bCH4 g/d

<0.0012.11107.4c75.3b68.8aDMI g/kg W0.75

<0.0011.1793.1c86.9b80.4aW0.75 kg

<0.0010.21310.03c6.53b5.53aDMI kg/d

DietS.E.M.TMRGrassGS

Diet

#$������������%&��'� ����������������



Effect of NFI phenotype on 
apparent whole-tract digestibility

0.1905.9686698GED KJ/MJ

0.91610.9568570ADFD g/kg ADF

0.4879.4649659NDFD g/kg NDF

0.2367.7591604CPD g/kg CP

0.0545.2711726OMD g/kg OM

0.1945.4696706DMD g/kg DM

P-valueS.E.M.highlow

RFI



Effect of diet type on apparent whole-
tract digestibility

<0.0015.7714b709b653aGED KJ/MJ

<0.00111.4437a598b672cADFD g/kg ADF

<0.0019.6571a721c670bNDFD g/kg NDF

<0.0017.9651b682c460aCPD g/kg CP

<0.0015.4737b759c660aOMD g/kg OM

<0.0013.7717b736c649aDMD g/kg DM

PS.E.M.TMRGrassGS

Diet 

#$���������%&��'�(���������������������(�()�*+(��� �,-(�	+.���/
 ����� 
�0��$������%&����������$�"��1���1�������	+.���/
� � 1���������0��$����$��$�1$�
%&���������



Conclusions

� There was no difference in total daily 
methane production between low and 
high NFI animals

� Low NFI phenotype had higher apparent 
digestibility of some dietary fractions but 
this was dependent on diet offered

� Diet type affected all measured variables
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Other work – Stress Response

� Factors regulating growth are inversely related to the 
animal’s ability to tolerate stress. 

� Richardson et al. (2004) found that steers selected for 
high NFI tended to have higher serum cortisol
concentrations than steers selected for low NFI. 

� Objective: To examine the effect of NFI phenotype on 
responsiveness to an exogenous CRH challenge i.e. 
functionality of HPA axis
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Summary of data analysis:

• Detailed phenotypic data collected on 84 animals

� Feed intake, growth rates, metabolic measurements

• Statistical analysis to correlate genotypic and phe notypic data.

• Aim: To identify regions of the genome associated w ith complex 

phenotypic traits.
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Thank you!
Any Questions?


