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According to Hegarty (2007, JAS) (citation)

“for the greatest digestibility diets, a positive 

association between energy intake and methane 
production is found, and this is likely to reflect 

greater intake providing increase substrate supply for 
ruminal fermentation and so greater supply of 

hydrogen for methanogens”



Consequently it is suggested that the contribution of increasing 
digestibility has a potential to decrease RFI 

but not for decreasing methane emissionper RE

However, a reduction in the MEI per RE, 
the reduction of  HP per RE

(MEI =HP+RE)

Has a high potential to reduce methane emission per RE unit.



From Nkrumah et al. (2006) 

Nkrumah et al. (2006) conducted a study with steers selected for low and high RFI and found that 
low RFI steers produced 25% less Methane and 21% less metabolic heat (HP). This suggests that 
differences in HP and recovered energy were the major factors responsible for differences in RFI.

  RFI group   RFI 

Trait High Medium Low P< Low/High 
RFI (kgDM/d) 1.25 -0.08 -1.18 0.001  

Daily intake  (kgDM/d) 11.62 11.07 9.62 0.01 82.8% 
Daily gain (kg/d) 1.46 1.51 1.48 0.39 101.4% 
Methane energy 
(kcal/(kgBW0.75*d) 16.1 15.9 12.1 0.04 75% 
Heat production 
(kcal/(kgBW0.75*d) 164 143 129 0.001 79% 

CH4 En/HP 9.8% 9.8% 9.3% -----    ----- 



Studies on Angus steers 
following divergent selection for low and high 

RFI 
estimated that HP from metabolic processes, body 
composition, and physical activity explained 73% 

of the variation in RFI

(Herd and Arthur, 2008).



  RFI group   RFI 

Trait High Medium Low P< Low/High 
RFI (kgDM/d) 1.25 -0.08 -1.18 0.001  

ADG (kg/d) 1.46 1.51 1.48 0.39  
HP  
(kcal/(kg0.75*d) 164 143 129 0.001 79% 
MEI 
(kcal/(kg0.75*d) 239 249 266 0.02 111% 

HP/MEI   69% 57% 49%     
 

From Nkrumah et al. (2006)-HP to MEI ratio of high & low RFI steers



Selection for low RFI is limited under grazing systems 

as directmeasurement of feed intake is not possible to do

and the indirect measurements (basically used makers 

dilution technique) are difficult to do on large number of 
animals, and may not accurate enough for identifying 

individual variation.



The use of theHR method to measure 

HP  
is based on:

The stoichiometric relationship between 
oxygen consumption (VO2) and HP,

and on
The fact that almost all* the consumed O2

passes from the lungs to the body through the 
heart.
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VO2/HR=O2Pulse relation to HR level 

(Brosh et al., JAS 1998, Gatton college Queensland university)



Consequently we showed 
that daily HP can be measures by multiplying the 

short time measurement of the oxygen 
consumption per HR (O2 pulse)

By the daily HR recording along several days
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IceRobotic Pedometer



HR data were recorded by data loggers 
(mounted on a harness attached to the thorax 
behind the forelegs). Measurements were taken 
on free range cows, 24 h around the clock 
throughout several days 
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Fresh 
air

Animal air

Oxygen Consumption 
(VO2) 

and Heart Rate (HR) 
measurements were 

taken 

simultaneously for 
confined cows
O2Pulse (O2P) 
was calculated 



O2 Pulse measurement system in a Jip Cabin
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Nitrogen container (Aluminum, 5kg) and goat mask for N2 recovery-

In Bedouin tent, in Negev desert
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Daily HR (HP) pattern

and level

are significantly affected by diet ME 
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Daily HR pattern average of six cows on six different ME diets in confinement

Brosh et al. (2003, LPS)



Daily HR pattern, average of 10 grazing cows in 5 representative seasons

Brosh et al., 2004



The correlation betweenHP, RE and MEI of grazing cows.     
Each mark represent average of 8 cows in 7 seasons, in 2 stocking rate treatment

Brosh et al., 2004



The correlation betweenHP,RE and MEI under confinement,
( average of 6 cows on 6 diets)



The RE (milk + body condition score changes)       
of dairy cows in modern farms is measured 

continually.
Thus measurement of individual HP enables to 

calculate the cows’ energy balance 
(RE+HP=MEI )

and may be used for individual selection for greater 
efficiency, without the need to measure individual 

feed intake



Similar to the use of RFI for characterizing 
production efficiency

we suggest using the 
Residual HP[RHP]

(measured HP)– (expected HP)
(Mcal/d)

for estimating efficiency without the need to 
measure individual feed intake.



Individual variation

In HP relative to MEI 
and 

In the measured HP relative to  
the expected HP (RHP) 



HP in relation to MEI of 6 beef cows, in confinement (non-lactated, non-
pregnant) on 6 diets ME. Cows 2and cow 5repeatedly present low and high
efficient cows respectively. 
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Average HP (EE) +SE (kJ/(kgBW0.75*day)) of 16 individualgrazing beef cowsmeasured 
along the seasons of the year and reproductive cycle (4-5 measurement per cow). Data 
were covariate corrected for the MEI effect. Vertical right axis represents the 
deviation of each cow from the average group HP value.



HP measured andexpected (according to daily milk energy) of 19 dairies Holstein cows, 
measured three to four times for each cow throughout the milking period. HP of individual cows 
was covariate corrected according to the cow’s energy in milk production.
Significant variation among dairy cows in RHP was found  (up to 30% difference in RHP 
between low and high RHP ranking individuals).





The main problem of the method that we have been 
using up to now is the time limit of daily HR

recording for calculating RHP when we used the 
external  belts (usually 4 d).

In addition, about 25% of the HR measurement 
recordings using belts were lost due to electrode 

contact loss. 



These problems were overcome by using Vetrix Co. bolus.
Once inserted into the cows’ reticulum, the bolus continuously 

records the cows‘
HR, respiration rate, rumen contraction intervals, and reticulum 

temperature.



In conclusion, 
Selection for low RFI may potentially reduce 
intake per unit of production, consequently 

reducing methane emission. 

Selection for low RFI is limited, especially under 
grazing systems, as direct measurement of feed 

intake is not possible, 



The HR-O2 pulse method is a practical approach for measuring HP
Since most of cattle MEI goes into HP, 

it is suggested that selection of cattle for greater efficiency
and lower methane emission can be achieved by

selection for low HP
in relation to the energy in the milk and meat produced, i.e. 

selection for low Residual HP (RHP)



Questions

Constant O2 pulse Reticulum 
bolus



Net concentration of Alkanes markers

D
ay from

 dosing
D
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 dosing



Grazing beef cows’ HP to MEI ratio 

According to Brosh et al.’s (2004) regression equation of HP dependency on MEI













Item�����
Device Company Type (model) Cost Cost -US $ Cost -

US $

+devices from Market

1

1. O2 analyzer Servomax 1440b-The available 
model at 2008 is 
1440D1STD 

4500 Sterling  at 2008

6700

2

2. Data requisition and logger (5 channels) + 2 
sealed lead Battery +internal Cable

Datataker  Australia DT 50 1,561 US $ April 2002

1600

3 3. Flow meter for cow 250-700 L/min or any Difference pressure Self made, using pressure 715 $ US July 2008 715 50 Diferent tubes size

4

4. Relative humidity (RH) and Ambient 
Temperature probe

Hygroclip About 250 US $
250

5 5.Sealed pump Boxer vib Unovib230 About 100US$ 100

6 6. Cow mask Sepa Israel About 130$ + 130

7 7. Vacuum cleaner 800-1000 Watt About 100$ 100

8 8. Vacuum cleaner pips Estimetated cost 50

9 9. Air connectors Estimetated cost 20

10 10. Columns for drying air Estimetated cost 30

11

11. Nitrogen Celinder (for calibration and 
recovery correcction

Estimetated cost
171

12 12. Flow regulator (for the nitrogen celinder) Estimetated cost 171

13

13. Balance for nitrogen celinder weight range 
of 0-about 10 kg, accuracy and resolotion of 0.1 
gram 

Estimetated cost

257

14 14. Air filter (water irrigation filter)
Total 10345

14

15

16

 HR watch (one per animal) Polar S610 Catalog No 902560 
or 902580

200 $

200

per animal

17

 HR  transmitters (one per animal) Polar 
wearlink (Battery can replace)

31C m-XXL Set 67$
67

per animal

18  Polar interface (One unit) About 50$ 50 per animal

19

Cow’s Belt + (back protectors if needed��� One 
unit per animals.

Pegasos Israel About 80$
80

per animal

20 . Gel electrolytes tubes

14. Silica Gel for drying air
Units for animal's HR measurement throughout the day (1 min interval) and when oxygen uptake is taken for calibrating 
VO2 to HR (5 Sec interval). My recommendation to use at least 5 units for each of the following. The units can move from 
animal to animals, different belts can be used for different size animals (Cows, sheep, goats….)

continue (for the above you have to buy or built electrodes

Entire system for measurement of Oxygen consumption (VO2), for calibrating between VO2 to Heart rate (HR)



For highly productive dairy cows in confinement
during the peak of lactation(49 L/d, 35.6 Mcal/d )

BW (612 kg)

HP(33 Mcal/d)       MEI (60 Mcal/d) 
Ratio HP/MEI 55% (Brosh et al., unpublished).

When cattle production is less intensive and activity 
(grazing) is greater, HP consumes a greater portion 

of the MEI, 
henceHP represents most of the cattle energy flux. 



Flow meter

Logger for HR and 
VO2 recording

Vacuum cleaner 
for animal air 
suckling 

Oxygen analyzer


