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and metabolic disorders  
in dairy cows

Unlocking the power 
of plants to promote 
calf rearing

Ph
o

to
: h

av
es

ee
n

_i
St

o
ck

p
h

o
to

Ph
o

to
: G

lo
b

al
P



Editorial
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Achieving High Lifetime Daily Yield (LDY)

Cows make profit starting from third lactation. The best parameter to 
measure sustainability is the total milk a cow gives in her lifetime, divided 
by her age. Lifetime daily yield is an indicator of overall performance 
that reflects parameters such as heifer rearing, infectious disease, mastitis, 
lameness, fertility, milk quality and nutrition—all of which impact 
conception rates and liters of milk sold. Cows in the top 10 percent of 
herds in terms of LDY achieve around 15 liters per day, compared to a 
severely low 6 liters in the bottom 10 percent. The average in Europe is 
around 11 liters per day. In this issue of Science & Solutions we take a 
look at two important factors for a higher lifetime daily yield: metabolic 
disease prevention and heifer rearing. 

Ketosis is a major metabolic disease common during the early lactation 
period that, in subclinical and clinical forms, accounts for 25% to 35%  
of the culling rate in farms. We examine the root cause of ketosis, its 
impacts and offer tips for prevention. 

Heifer rearing also plays a key role in influencing lifetime daily yield. 
An early calving age of around 24 months leads to a sustained increase 
in lifetime daily yield and higher reported milk yield in first lactation. 
Using phytogenics to support calf growth can help ensure successful 
heifer rearing. 

Many factors influence lifetime daily yield and successful milk 
production requires a deeper view that addresses the issues facing an 
individual dairy herd. Disease prevention and heifer rearing constitute 
two ways to boost lifetime daily yield that can help farmers attain top 
performance today and even higher numbers tomorrow in order to achieve 
profitability and ensure a sustainable future.

Wolfgang MARKERT
Managing Director, BIOMIN Deutschland 



By Luis Cardo – Ruminants Technical Manager

Addressing Negative 
Energy Balance
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Avoiding ketosis is the first 
necessary step for successful 
lactation. 75% percent of 
all health problems in dairy 
cows occur during the time 
between 2 weeks pre-calving 
and 4 weeks post-calving 
(Figure 1). Surveys suggest 

more than 50% of all lactations are affected by at least 
one metabolic disorder postpartum. Most of these cases 
are related to ketosis, a metabolic disease caused by a 
mismatch between the energy needs and the energy 
intake of the cow. 

The peripartum period, from 3 weeks pre- calving to 
3 weeks post-calving, is the most critical period of the 
entire production cycle. The goal is to maintain high 
dry matter intake and avoid the drop associated with 
parturition.

A lack of energy
Milk production usually peaks between the 3rd and 

6th week of lactation, while the peak of feed intake is not 
typically reached until at least the 10th week of lactation. 
This mismatch means that a high producing cow will 
be in a negative energy balance (NEB) during these 
early stages of lactation. Negative energy balance usually 
begins before calving. In the last part of pregnancy a 
compilation of factors leads to prepartum negative 
energy balance: rapid fetus growth, synthesis of nutri-
ent-rich colostrum and decreased feed intake. As a result 
of fat mobilization (increase of non-esterified fatty acids, 
or NEFAs, from fat deposits) usually beginning in the 
last days of gestation, subclinical ketosis is common. 
Clinical ketosis may or may not result. 

More trouble
In practical situations, negative energy balance 

can be aggravated by management mistakes and is 
often correlated with other metabolic conditions such 
as hypocalcemia or acidosis. For example, a retained 

placenta increases the risk of the cow suffering ketosis 
by a factor of 16. Table 1 provides an overview of known 
correlations between NEFAs, subclinical ketosis and 
other disorders. 

How ketosis works
When the cow enters a period of negative energy 

balance, body fat is mobilized as non-esterified fatty acids 
to meet the energy needs. NEFAs are used directly as a 
primary energy source by multiple types of body cells 
and be used directly for milkfat synthesis in the udder.  
However, NEFAs entering the liver may follow different 
paths: they can be completely oxidized to produce ATP (a 
desirable outcome), partially oxidized to ketone bodies (an 
inefficient energy source), or re-esterified to triglycerides 
to be either exported as very low density lipoproteins, or 
VLDL (a desirable outcome), or to accumulate in the 
liver, leading to fatty liver. 

The accumulation of ketone bodies (β-hydroxi-

Another culprit
Poor silage production can result in butyric acid produc-
tion. Ketosis may also be induced by the consumption of 
50 to 100 g of butyric acid, and severe ketosis with the 
consumption of 200 g. Additionally, butyric acid is poorly 
palatable and leads to reduced feed intake.

During the transition period a cow uses more energy than it takes in. This negative 

energy balance makes the animal more susceptible to a number of health issues, 

with fatty liver and ketosis as the root, negatively impacting health, reproduction, 

milk production and mortality. Closer examination underscores the health threat and 

offers tips for prevention. 

Figure 1. Transition Period.
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Addressing negative energy balance in dairy cows
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butyrate, acetoacetate, acetone) lead to the metabolic 
disorder ketosis. 

Ketone bodies are thought to suppress feed intake, 
further aggravating the negative energy balance and 
body fat mobilization. Meanwhile, beginning several 
weeks prepartum, plasma insulin concentrations greatly 
decrease at the same time that body tissue exhibits 
lower sensitivity to the hormone, thus increasing fat 
mobilization.

Negative consequences of ketosis
Clinical ketosis signs are anorexia, decreased milk 

production, firm dry feces, loss of body weight and 
occasionally nervous symptoms. 

Subclinical ketosis is defined by abnormally high 
level of ketone bodies without clinical signs, and its 
incidence is thought to be anywhere from 8% to 34% 
(Duffield et al., 1998) although it is underdiagnosed in 
many herds. Subclinical ketosis negatively affects the 

Table 1. Correlation between NEFAs and subclinical ketosis with different disorders.

High NEFAs (>0.4 mmol/L)
In the last 2 weeks before calving

Subclinical ketosis (BHBA >1.2-1.4 mmol/L)
In early lactation

2x to 4x increased risk of LDA (left displaced abomasum) 
(Cameron et al., 1988; LeBlanc et al., 2005)

3x to 8x increased risk of LDA (Geishauer et al., 2000; 
LeBlanc et al., 2005; Duffield et al., 2009)

1.8x increased risk of retained placenta 
(LeBlanc et al., 2004)

Decreased probability of pregnancy at first artificial 
insemination (Walsh et al., 2007)

2x risk of culling <60 DIM (days in milk) and 1.5 increase 
over the whole lactation (Duffield et al., 2005)

Increased duration and severity of mastitis (Kremer et al., 
1994; Duffield, 1997; Suriyasathaporn, 2000)

Increased risk of metritis 
(Duffield et al., 2009)

1.2 kg/day milk production loss for the first 120 days 
of lactation (Carson, 2008)

Decreased milk production 
(Duffield et al., 2009)

Adapted from T.F. Duffield and S.J. Leblanc

Table 2. Guidelines for transition cow energy assessment (ketosis).

Pre-calving (2-14 days before calving) Post-calving (3-14 days in milk)

Cow level testing Herd level testing Cow level testing Herd level testing

NEFAs* >0.30 mEq/L
>15% of tested cows 
have NEFA values 
> 0.30 mEq/L

>0.60-0.70 mEq/L
>15-20% of tested cows 
have NEFA values  
> 0.70 mEq/L

BHBA* > 10 mg/dL
>10% of cows have 
BHBA values > 10 mg/dL

Commonly used cut-points

BHBA

Cut-point ketosis
11.7-14.4 mg/dl
(1200-1400µmol/L)

Cut-point clinical ketosis
29 mg/dl
(3000µmol/L)

*Source: Cornell University
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Luis Cardo
Ruminants Technical Manager
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general herd health (increase in other metabolic disorders 
and impaired immune function, making the animal 
more prone to infectious diseases such as metritis), repro-
duction along with milk production, and is associated 
with an increase of early lactation culling. According to 
data from Minnesota DHIA, 25% of all cows leaving 
the herd by death or culling do so in the first 60 days 
of lactation.

Identification in the field
Clinical and subclinical ketosis can be monitored 

with cow-side tests using milk, urine or blood. A 
more complete assessment requires serum tested in a 
laboratory. It is worth noting that clinical ketosis is a 
poor predictor of subclinical ketosis in a herd. Table 2 
provides an overview of testing and cut-point guide-
lines. 

Prevention focuses on feed intake
Both fatty liver and ketosis begin with the 

mobilization of body fat due to the negative energy 
balance. Therefore it is essential to keep dry matter 
intake (DMI) as high as possible during the close-up 
period (last 3 weeks before calving) and several weeks 
post-calving. Table 3 provides a list of key measures to 
prevent ketosis. 

Conclusion
A large proportion of dairy cow health problems 

occur in the period around calving. A negative energy 
balance can lead to a number of metabolic disorders 
based upon the accumulation of fat in the liver (fatty 
liver) and the increase of circulating ketone bodies 
(ketosis). These disorders negatively impact health, 
reproduction, milk production and mortality. 

Further complicating matters, the occurrence 
of ketosis is correlated with additional health issues, 
such as increased risk of metritis, mastitis or displaced 
abomasum. Dairy farmers can introduce prevention 
measures to combat ketosis with a particular emphasis 
on feed intake.   

n Body Condition Score (BCS):
 calving objective 3-3.5. Avoid over-conditioning 

as it leads to decreased feed intake. To help avoid 
problems group cows by stage of lactation and 
parity, and control reproduction to avoid overly 
long lactations

n Target DMI at close-up:
 12kg/cow/day (Holstein) and check routinely. Don’t 

overfeed in the far-off dry period as this would 
decrease feed intake during the close-up

n Monitor social interactions 
 before and after calving, since heifers and low-

ranking cows have special needs

n Use good management 
 and facilities with attention to grouping practices, 

feed bunker space, drinkers and water quality, 
resting time, avoid overcrowding, etc.

n Provide a good 
 calving environment

n Control other diseases 
 with special attention to hoof health

n Ration formulation 
 to avoid concomitant disturbances (hypocalcemia) 

and SARA (Sub Acute Rumen Acidosis) through 
good rumen microflora adaptation

n Ensure nutritional quality 
 of ingredients, including mycotoxin control

n Monitor ingredient palatability 
 as a key point. It is a good practice to use 

phytogenics from the close-up period and 
continuing after calving to promote feed intake and 
keep a familiar taste and odor for the cows after 
calving 

n Treat if necessary: 
 glucose precursors (propylene glycol, glycerol, 

propionate) and/or liver protective substances 
(rumen-protected choline, rumen-protected niacin, 
rumen-protected methionine)

Source: BIOMIN

Table 3. Key ketosis prevention steps.

Subclinical ketosis negatively affects the 
general herd health, reproduction along with 
milk production, and is associated with an 
increase of early lactation culling. 




