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Feed Conversion Efficiency

• Metabolic efficiency
• Reduced ruminal energy losses
• Improved in vivo digestibility
• Improved cellular efficiency (e.g. kL from 0.64 to 0.70)

• Gross lactational efficiency
• Greater output/unit input (e.g. kg milk/kg DMI)

• Lifetime efficiency
• Greater production/lifetime
• Same production/year but more production years
• Extended lactation



Dry Matter Intake

• Few tasks of greater importance for survival 
or production

• Feeds are often bulky
• Major limitation to future productivity 

improvements
• e.g. Substitution rate
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Substitution Rate (SR)

50% reduction in SR

Potential Gain



Intake

• Large cow variation in DMI (Kolver et al., 2002; 
Kennedy et al., 2002; Linnane et al, 2004; Kolver et al., 2005; Horan 
et al., 2006)

• Large cow variation in SR (Linnane et al., 2004)

• h2(DMI) = 0.1 to 0.3 (Berry et al., 2007)

• Underlying mechanisms likely to be more 
heritable

What are the intake mechanisms?



Research up til now
• Grazing behaviour

• More frequent allocation (across and within day)
• Herbage mass, allowance, height, etc.

• Macronutrients
• NDF, ADF, lignin, protein

• VFA infusion
• Only propionate appears to have a non-osmolarity 

related action

Focussed on effect of applied factors not 
mechanisms
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Geez – I wish I knew what gave me the 
munchies every time I have a beer!







• Significant differences in 
blood flow to the brain in 
obese and lean people

• Yellow - blood flow to the 
brain in response to a hunger 
challenge 

• Blue – blood flow to the brain 
in response to food following 
a hunger challenge



• Parabiosis performed at 1 mo.
• Lesions to the hypothalamus 

(VM) of one mouse (R) at 5 mo. 
• Obesity in rat with Lesion
• Emaciation in partner.

-Hervey, 1959

Brain Controls VFI



Hunger center

a region in the lateral hypothalamus that triggers the 
desire for food

stimulated suppressed



stimulated suppressed

Satiety center
a region in the ventromedial hypothalamus that 
suppresses the desire for food



Factors Involved in Hypothalamic 
Control of Food Intake

• Leptin
• Insulin
• Amylin
• NPY
• CRH
• Urocortin
• Urocortin II
• Galanin
• Neurotensin
• CART
• Oxytocin
• a-MSH

• Corticosterone
• Serotonin
• Dopamine
• MCH
• Orexins
• Histamine
• Ghrelin
• GLP-1
• GLP-2
• AgRP
• Beacon
• Cannabinoids

• TNF-�
• Beta-Endorphin
• Dynorphin
• IL-6
• IL-1
• IL-1RA
• Norepinephrine
• Amino Acids
• PRL-RL
• Obestatin

• JAH

“Abandon all hope, ye 
who enter here”

Dante ~ 1310



Peripheral signals act on the brain



Energy Balance

Hormone or Combination

Negative

NPY, AgRP

Increased Food
Intake and 
Weight Gain

+-
POMC, CART

A “ Simple” Model

Adapted from Seeley and Schwartz, 1997
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Leptin

• Produced in adipose tissue
• Suppresses intake in rodents
• Decreases during periods of NEBAL 

» (Block et al., 2003; Roche et al., 2005)

• Inconsistent effects in ruminants 
» (Blache et al. 2000; Clarke et al., 2001; Miller et al., 2002)

• Modified by photoperiod 
• No data on exogenous administration in 

dairy cows



Source: Broberger (2005)



Leptin’s effects on DMI

• Directly on the 
hypothalamus

• Increasing sensitivity 
of NTS and 
hypothalamus to 
CCK

• Increasing secretion 
of gut peptides

• Heightening vagus 
responses to gut 
peptides

Cummings and Overduin, 2007
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Ghrelin

• Produced in stomach/abomasum
• Increases intake and milk yield in rodents

» (Nakahara et al., 2003)



Ghrelin increases intake in rats
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Ghrelin increases milk yield in rats
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Ghrelin

• Produced in stomach/abomasum
• Increases intake and milk yield in rodents

» (Wren et al., 2001; Nakahara et al., 2003)

• Decreases post-feeding in ruminants
» (Sugino et al., 2004; Roche et al., 2006; 2007)

• Greater in high GM than low GM cows
» (Roche et al., 2006)



Ghrelin declines post-feeding in cows
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High genetic merit cows = greater ghrelin
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High genetic merit greater DMI
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Ghrelin

• Produced in stomach/abomasum
• Increases intake and milk yield in rodents

» (Nakahara et al., 2003)

• Decreases post-feeding in ruminants
» (Sugino et al., 2004; Roche et al., 2006; 2007)

• Greater in high GM than low GM cows
» (Roche et al., 2006)

• Concentrates reduce plasma ghrelin
» (Roche et al., 2007)



Ghrelin declines with supplementation
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Exogenous administration

Central administration
• No effect (Clarke)
• Short term increase in intake (Miller)

Peripheral administration
• Increase in DMI and time spent feeding 

(Wertz-Lutz)
• Limited data on continuous infusion
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Effect on daily milk yield

Control — Ghrelin —

28

29

30

31

32

33

34

1 2 3 4 5 6 7

Wk post pump insertion

M
ilk

 y
ie

ld
, k

g
/d



Effect on daily milk yield

Control — Ghrelin —

28

29

30

31

32

33

34

1 2 3 4 5 6 7

Wk post pump insertion

M
ilk

 y
ie

ld
, k

g
/d



BCS change
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Conclusions

• Hunger is controlled centrally and peripherally
• Very little data for dairy cows
• Differences in the “hunger signals” in different strains of dairy 

cows
• Differences in DMI and substitution rate consistent with these 

“hunger” signal differences
• Inconsistent effects of exogenous infusion

• Inconsistent effects in sheep
• Positive effects in DMI and time spent feeding in steers
• Inconclusive effects in dairy cows in early lactation

Is there the potential to select for cows exhibiting 
greater hunger?



Neuropeptide Y:

Ghrelin:

RFI: P = 0.06



Questions 
anyone?


